FINAL REPORT

NASA-CE-134036) ANALYTICAL AND
RADIO~-HISTO-CHEMICAL EXPERIHMENTS OF PLANTS

AND TISSUE CULTURE CELLS TREATED BITH
LUNAR AND TERBESTRIAL MATERIALS (Texas
AEN Univ.) 127 p HC $8.50 CSCL 06C G3/04

Technical Proposal No. BB321-55-407P
Contract NAS9-12050

Submitted To

National Aeronautics and Space Administration
Lyndon B. Johnson Spacecraft Center
Houston, Texas 77058

Analytical and Radio-histo-chemical
Experiments of Plants & Tissue Culture
Cells Treated with Lunar &
Terrestrial Materials

Submitted by

Robert S. Halliwell
Department of Plant Sciences
Texas Agricultural Experiment Station
Texas A&M University
College Station, Texas 77843

N73-30988

Unclas
13769



Section

Section

Segtion

Section

Section

Section

Section

II ——-
IIT --
IV ——-
V ————
VI -
VII -

Table of Contents

Abstract

Selection of lettuce varities and development of methods
for their germ free growth.

Experiments on growth, development and mineral uptake of
germ free lettuce plants and cultured tissue

Experiments on radiochemical analysis of lettuce grown in
contact with neutron activated minerals

Description of 3 types of growth apparatus for the study
of germ free plants

Detail description of standard procedures employed during
the course of this study

Literature search on mineral nutrition and plant tissue
culture



The objective of the research performed under this contract was to examine
more criticélly the nature and mechanisms of the apparent stimulation of growth
originally observed in plants growing in contact with lunar soil during the
Apollo Projeét quarantine. Preliminary experiments employing neutron-activated
lunar soil had indicated uptake of a few elements by plants. The originally
planned approach was to utilize this technique for further exploration of the
problem. Our progress and the evolution of our thinking has been given in de-
tail in the vairous monthly progress reports. In summary, it was found that
while the preliminary neutron activation technique allowed demonstiation of
uptake of minerals it presented numerous disad&antages for use in critical ex-
periments directed at elucidating possible mechanisms of stimulation. Aﬁong
these were the following major considerations:

1. The extreme difficulty of handling and hazards of possible con-
tamination of plants and experiments by the finely divided mineral’
material.

2. The very small amounts of measurable radioactivity that were taken
up by the test plants if samples were activated for the short periods
necessary to give minimal damage to mineral samples and allow
measurement of uptake of short half-life isotopes.

3. The fact that the nature of the mineral sample was changed by neutron
bombardment thus possibly destroying or seriously altering the prop-
erties responsible for growth stimulation.

The approach taken was to use standard activation analysis techniques to

study uptake of minerals into plants ofter growth in contact with experimental

mineral samples. The experimental portion of this contract therefore consisted



essentially of studies of growth of germ free test plants upon varying amounts

of model terrestrial mineral samples and upon lunar soil. The analytical portion

of this work will be carried out by The Center for Trace Characterization, TAMU

and will be reported separately. The results of other aspects of the work have
been given in monthly reports. Our conclusions drawn from this work.andvfrom
préliminary results of elemental analysis are summarized as follows:
1. There are definite differences in the amounts of various ﬁinefal
elements taken up by plants growing in lunar soil as comp;red to
other mineral samples.
2. There are also differences in amounts of elements taken up by planté
growing in contact with different kinds of terrestrial ﬁinerals;
3. These differences in mineral content are probably related to obsérved
differences in growth and céloration.
4. The stimulation noted in the case of lunar soil is not unique and is
a difference of degree rather than kind, the governing factor probably
being that of availability which may be related to the uﬁusual history
of lunar minerals.
5. Growth and general health of plants improved in the préseﬁce of rel-
atively small amounts of raw mineral but became inhibited as amounts
are increased. Very probably the same pattern would be observed for

a

Junar soil if it were tested in the same way.

(-3 ° °



The following summarizes the pregress of Contract NAS9-12050 which
‘was activated July 1, 1971. Actual work was initiated July 10. Tasks

eoﬁered by thi- report are: 1 2.1, a and b of, Exhibit A, Statenent of

IWork for the Investigation of the Effects of Lunar Materials upon

Terrestrial Vegetation.

 Selection of Varieties for Testing

Twelve varieties are currently being tested; ll are varietles
: supplied by Burpees; one by Asgrow. These are listed in Table 1.
'Other varieties have been ordered, but not received.

Screening for Ease of Decontamination

Decontamination procedure. -Weighed eeed samplesvcalculated-te
-codtein an average of_lbd + 5 seeds were placed in eterile, foil—covered'

T 50 ﬁl beekers and'surface steriii;ed abcobeing to 2.7.3‘C of Botanicel .,: “
Teét'Proﬁoeol MSC 03267 with the following exceptions: (1) A filtered.air
bransfer chamber was employed‘in'place of a iaminar:flow hood. Bench .

muurfaces were w1ped w1th 5 25% NaOCl diluted l 5 and the entire chamber

was expos sed to a UV- germ1c1dal lamp for 1 hour prior to use; (2) All
seedslthat floeted on the surface of the eterilizing solution were
discarded.. Following:treatment seeds were blanted approxinately 50 seeds

'”per plate onto agar plates or l seed per tube in screw cap tubes contain-~

ing sterllity test media. | |

Test media. All agar media wefe poured 20 ml/plate in sterile 100 x 15
©omm étyrene plates. Water agar for assay o% viability’was lipe:cent Fisher

brand. agar in distilled water. Mold and bacterial eontamination were tested



o

- respectively in Potato Dextrosevagar-and T;yﬁtiéase Soy agar. Broﬁh éultﬁres .
were 156 x 16 mm screw cap tubes (neoprene lined caps) containing either:5 ml
of Trypticase Soy broth or 10 ml of?NIH Thioglycollafe broth to ﬁhich had’
 beén.added'agar to 0.75 g/liter to aid in m;inteﬁanée of anaerobié conditions.
All media except agar vere Difco brand.

Cultural conditionms. Aéaf media for assay of Fungal or microbial

_contamination were incubated in the darkvat 25°C. Liquid media were,.
incubated at 25°C and at 37°C. Initial tests of seed viability.haVe been

_ at 25°C in the dark and with normal day light.

'TViabiligy After Sterilization and'S£orage

| Seeds sﬁrface sterilized and rinsed a§ indicated above‘weQe blaged in
A.sterile petri plates in sterile filter-paper. After storage in the dark‘
at 25°C for various ﬁeriods of time seeds were placed oﬁ:agar media for
'“-assay ;f viability and contamination.: Fiiter paper liﬁed storage units -
were preéared by placing a 9 cm. circle of #3 Whatﬁan papef in a glass
petri dish, and saturated with 70% ethanol. Unifs were wrépped'in Kfaft.
"T;;§é; and autoclaved 20 min at 1§ 1b. Following éuﬁoclaving, uﬁits were

dried in an oven at 120°C for 2 hours.

Results of Testing

Results obtained thus far from ﬁests of viabilit; and contaminétioﬁ
testing are givgn in Table 1. Contamination bf aerobic organisms was
less than 1 percent in all cgses noted. Tests for anaerobic organisms‘
have thus far for.yielded negative results. It is our impreésion (now
being fested) that there Qs'some selection for viable and uncontaminated

seed if fibating seeds are discarded during the decontamination procedure.



‘Also tﬁe procedure outlined in the protocol mandal may, in our hends et
least: be somewhat'severe for certaln varieties-oflseeds as iﬁdicated\by
a‘high incidence of damaged'seedlings.' Darl seeded varieties.seemed
ﬁoiefresistept'thap'llght seeded.. lt'is’also our impression that'there
is.coosiderable variation in the nutritdonal or environmentel requirements
of differept verieties. This will oe.the subject of extensive study;

_'during the following months.v | |

Evaluat1on of viablllty of seeds following treatment and storage has
.',beeo_underway fortonly 1 week. A complete set of initial data will not “
belpresented until the next month. .Preliminary results indicate that |
germination percentage is unaffected, but under.the procedures in cdrtent
"use,“emerging seedlings from stoted seeds show signs of damage in‘certaio .
'tarieties. '_. o . R '-dl' . | |
'Discusslon - : . 'l' : “. . . . e
This work is still in an exploratory stage. ﬁe have based our initial_
-btrials upon procedures outlined in the Botanlcal Test Protocal Manual.
.lpese w1ll serve as a point of departure for development of procedures

better suited to our specific needs. The data presented here are meant

- primarily to be an indication of direction to be taken in further work.
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>Tab1e 1. Germination rate and contamination of lettuce seeds aftgr surface

~ sterilization by buffgréd-hypochlorité~Triton X—lOO'solution.:,3“

- ' Germinétioﬁ 1/ Percent: Percént/-'
' S : Ce ) at Days: .  Seedling _ _
~Lettuce Variety _ 2 3 4 - 6 Damage Contamination
Tmperial 847 (v) ¥/ 60 .75 . 8 & . 4 Bacterial .
 Paris Island w TR 12  'f77 87 »  19  ;' L_fi °.;¥? t;f
'Greac;LAQés W e %0 91 e 2t o
: Burpee% Icebérg ¢H) . 69 86 - 92» >§7.-.‘ 27 ".;ffif;ibi !‘::ffi,;
Dark creeg Boston (L) 65 87 95 97 28 e
Salad Bowl (D) 7 88 99 . 99 0  told
Tom Thumb () 95 . 97 97 s 1 ;':ﬁ;EOf."
Grand Rapids (D) o " 100 100 100 100 0 ";5 6 :;“
‘jFord Hook (D). = ..98 . 99 106 100 | 0 f"'AtﬁbldV;'
Mesa6so (0 ¥ .7 @1 12 17 17 o 0
Oak Leaf (L) - 65 90 91 97 3 o
" Butter Crunch (» 62 & 93 97 30 o

1/ Qermination was considered to have occurred when ihe seéd coat had
>rupfuféd and a visible root tip h%d émg:ged. Percentagevis bﬁsed“
j on counts of 200 seeds. | | | =

2/ Supplied By Asgrow. All others supplied by Burpees.

/ (D) - dark seeded. (L) - light seeded.
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The following summarizes the progress of Conﬁract-NASQ—lZOSO for the',

period August 1 through August 31, 1971. Tasks covered by this réport

are: (1) 1.2.1 a and b of Exhibit A, Statement of Work for the investigatioh

of the Effects of Lunar Materials Upon Terrestrial Vegetation and (2) a
summary of the work on the selection of another species for testing under

1.2.4 of Exhibit A.

Screening of Lettuce Varieties

'Procedures_afe aé described in the montﬁiy-report.dated August l;

Summarized:iﬁ TaBles 1 and 2 are the resulfs.of experiments designed,td
~optimize conditions for surface sterilizafiqn of legguce seeds and to:provide

‘further infofﬁation on fhe microbial contaminants present“iﬁ lettuce seeds.
- There is a great deal of variability betweén varieties with respéﬁt to .
their resistance to the surface.sterilization freatment. The job of seléct£ng
the best'varieties may become élightly messier than anticipated, but in
general it seems tﬁét the more resistant varieties afe also the.fastesf
.gfowing. We used size classesv(Table 2) as an index of'damége by treétment.
It seems fo parallel germination rate fairly well; either will serve as a
basis for evaluation in further work. The practice of,aiscarding fipating‘
-seeds eliminates a high proportion of inviable seeds in some varieties But
not contamina;e@ ones. tength‘of treétﬁeﬁt time seems to havé-little effect>
upon contaminants, and further, énly'the varieties indicated in the
August report seem to'bé contaminated. We are initiating tests to ascertain
whether this is variety aésociated or éeedlot associated. The facﬁfthat
contaminants are uﬁaffected By iength of sterilization time is discouraging

.with respect to the goal of development of efficient surface sterilization

¥
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procedures, but doeé providé éncodraging evidenée that seeds of léptdée

may 5e‘obtaiﬁed in a "naturally clean" étaté.F'We ére.attempting to'obta;h"f

information from the seed companies with regard to the pretreétment uﬁdergéne

by le%tuce_éeeds.. Effqrfs to cﬁlture anaerovbic ofganisms (as detailed iﬁ :

Al‘the_previous report) from seedé_appaféntly free.of aerobicAorganisms havg-‘
‘been uﬁsuccessfulfv | | -

Tests of effect:of~ét6rage hpoﬁ viabiiity were re~initiateé aftef thev
effect of stérilizétion time upon viability was recognized.' Experiments'

with seeds treated for non-damaging time periods have not been éompleted.

Procedure for Establishment of Germ Free Pinus palustris and Pinus elliotti
.Germ. free plants are required for challénge of quarantined materials
from lunar missions and for studies of effects of lunar minerals upon plant

growth. The followiné brocedure was developed for producing and certifying

A'gefm free plaﬁts of Pinus palustris and Pinus elliotti.

There were three distinct phases in the procéaure.
(15 Sterilizéticn and germination of seed. |
(2) Initial certification and transfer.
(3) Second certification and_finél transfer.
All ;perations are carried out in a laminar flow bench or where possible
in an axenic botanical chamber (ABC), a plexiglass glove box fitted with a
ﬁositive pressure and recirculating filtered air'system. The ABC is
sterilized by fumigation with heated parafbrmaldehyde.

~Sterijilization and Germination of Seed

Under the cleanest possible conditions (i.e. squeaky clean hands énd
- instruments) the seed coats were removed frdm the piﬁe seeds. The seeds

were then soaked in a solution of phosphate buffered 0.5% NaOCl (as
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prescribed iﬁ NASA Hanuél MSC03267) for six minufes. fﬁllowing this the.“
seedsvwere rinsed three times in sterile dis;illea ﬁﬁter with a‘gontéct
period of -two minupes per rinse. | |
Stéfiliéed seeds were aseptiéally'introduced; one seéd eééh»into the
‘ffimary congainer-on Whites S-3 medium with sucrose. The'primary.cﬁntainep
consisted of a 5 dram wide mouth'Virtisvvialvhalf fiiied'with Whites agaf
énd a'22x60 mm paper ext£actién ghimble filléd with a mixtu:é of 65% sand
and 35% perlité, both containgd in a éapﬁed 4 ounce Texberry jar. Tﬁis"
 assembly was sterilizéd by autoclaviﬁg the Tegﬁerry jar containing fiiled>'
thimble and empty vial for four hours ét’130°C, thép adding the Whites>
medium to_fhe vial and autoclaving again fof éO'minutes. o

'Initial Certification and Transfer

Affer gerﬁinatioﬁlof.the seed and before root develoﬁﬁeﬁt had pr§gréssed>'
'apﬁreciably, the vial was filled with sterile trypticase.soy broth (TsB) ana.
tﬁe ﬁerlite*sand in the fiiter moistened with 5-7 ﬁl of stefile Hoaglaﬁd's
medium. The seedling was then aseptically rémovea from the vial and buried
in the perlite-sand. All of this was accomplished ﬁith the appfdpriaté
aseptic precautions. A newly sterilized piece of polypropylene was uséd to
cover-the jar. While the_séedling continued to grow in-perlite—sand, the
. viél contéining the TSB was observed for dévelopment of microofganisms
indicatiAg contamination of the seedling. If the seedling remained healthy
and the vial freé of apparent contaminatioé for one month, ig was considered
.to have passed the first certification.

Second Certification and Final Transfer

%

Following completion of the first certification, the thimble containing

-perlite-sand and seedling was carefully transferred to a sterile 50 ml
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béakef'contaiﬁed iﬂ a quart fruit jar and.covéfed with stérile fSB.t Thé
: plént was left in'thg TSB for 3-4 days‘to allow time for outgrowth'éf
poésible contaminating organisms. If tﬂe»broth remained cleaf the second
éeftificati;n was.coﬁpletéd and thg plant was rea&y fof transfer to its
-final gfowth confainer. The final growth container was a oﬁe pint mason
jar filled with peflite—sand and fitted with fqﬁf viéls céntainingi |
‘ differehtfgrowﬁﬁ media‘(TSB, potato dextrose broth, thioglyc?llate broth'
and Bristols medium with cellulése).‘ Vials were épated-around the rim
with mouths level with; or just above;'thékﬁerlite. Jar,vﬁerliﬁe—sand,
and empty vials were.sterilized at 220°C (dry heat) for five days,.then
'ﬁedia-ﬁere added and autoclaved. Whén fully éésembied the growth.cﬁniainer'
| waé cépped with a 12 inch high teflon bag-held in place by the outer screw
ring of the jar. The'teflon bag had a 4 inch airway éealéd along. one side
 with avheaéed.bag sealer. This airway was plugged ﬁith glass-wool. )
N Sterilizaﬁion was accomplished with the teflon bag wrapped iﬁ'a paper bag.
Autoclaving was_by a 2 hour and 45 minute éyclé wﬂich included a 15
minute prevacuum and a 30 minute ppsﬁ vacuum to insure penetration of
the steam into the glass wool and drying of the glass wool aftef sterilization.
.For final transfer'the seedling was removed from the extraction thimble
and the root pushed into a prepared hole in the center of.the confainer;
Sixty ml of sterile Hoagland's solution was added to the perlité~sand and
the teflon bag wasAfastened into place. Watgring as needed as accomplished
#y injecting with a sterile syring through the teflon bag, swabbing the
 injecﬁion area with alcohol before ana after injectién. Growth continued
in this unit until the end of the experimeng. The included media provided

a-system for monitoring accidental intrusion of contaminants.,
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" Table 1} Effect of length of sterlllzatlonl/ perlod upon germlnatlon of
seeds of twelve lettuce varieties. - | : e

Germination Percentage at One Day
“in Seeds Tiecated for Periods of

,AVarietf ' | | 15nmin.- 10 min. 7.5 min. 5 min. = 2.5 min.
Imperial 847 ' 53 51 '..'v'. 69. o .78
' Paf_is Island _ : 'o‘ . S 20 68 S e
' Great Lakes | o .: o . .14‘ E 50" '
,.Bﬁrpees Iceberg ;  ~ l? ‘_":\45 . o053 | 85
.Dark Green Boston ;. 3 :_ 85; - 9% B A'96 |
_Salad Bowl =~ s 83 'Z S 91
Ton Thunb R &7 . 90 %6 | 93
Grand Rapids . 'g0 85 g5 90
' Ford Hook o 9 - . 93 - 96 © 100 - :‘
Mesa 659 f o o . : s 43 o 44 ”
Oak Leaf . 75 &3 88 - 96 o
Butter Crunch 65 89 85 o5

;J-Stétilizing solution - buffered hypochloriﬁe

[
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Table 2. Effect of length.of sterillzatlonl/ period upon v1gor of seedllngs
of twelve lettuce varieties after 51x days of growth.

Period of ' Vigor Class , ,
Sterilization 2 cm 2 cm-0.5 cm stuntedf ungerm.
Tmperial 847 15 57.6 28,8 L5 }12.1f 
| 10 69.7 13.1° o A9;2_‘_ 'g'7;9_~"3“'
7.5 57.3 s - fs.zé :: "5.2' 
~ s 7.8 194 19 6.8
".Paris Island - 10 2.8 440 N 4 7.5
| 7.5 22.0 559 16.5"",‘§.s_’
5 45.9 40.4 8.2 5.5
2.5  72.2 24.7 | 2.1 1.0
~Great:Lakes . 15 - o 7. 0 ' 23.6 - | 56.4}
0 0 32.77 . 50.5 16.8
7.5 5.4 28 20.6 1.1
s 9.1 69.3 . 20.4 . 1.1
] Bgfpgets Iceberg =~ . 15 155 o314 3.9 18.4
| 10 ,' 36.0 - 37.8 23,4 2.7
7.5 4.8 26.0 19.2 0
5  69.2° . 26.4 2.2 2.2
“Dark Green Boston 15 S 1. 3.4: ' ‘75.9 19.5
10 53.3 30.4 10.9 5.4
7.5 85.5 7.8 6.7 - 0.0
s - 90.7 5.1 2.1 2.1




Period of‘_ Vigor Class : _

Sterilization 2 cm 2 cm~Q.5 cm stunted ungerm.
Salad-éowl 15 88.1 10,7 0.0 1.2
10, 82.3 12.9 3.5  '1;2

7.5 .~rf_87.5'_»":A 3.1. 47 ’;;f4,7 ;ff
s 846 12.8 131

' Tom Thumb 15 ' 8$.§ 10.5 23 23

10 90,0 6.1 1.2 24
7.5 90.0 9,2 1.2 0.0

5 92.2 '_'5.27 : 2.6 0.0
Grénd'Rapids’ 15 707 28.3 0.0 1.0
e 10 79.8 19.2 1.0 0.0
7.5 76.7 . 20.9 2.3 0.0
5 - 82.5 8.7 . 1.2 7.5
Ford Hook 15 69.7 27.3 3.0 0.0
| 10 85,7 10.2  2.0 2.0
7.5 85.7 11.9 2.2 0.0
5 85.4 1.2 2.2 0.0
Mesa 659 10 0.0 0.0 27.4 72.6
| | 7.5 0.0 36.9 27.7 - 35.4
5 0.0 91.8 2.0 6.1
2:5 0.0 78.0 7.3 1.5




Period of

- Vigor Class

. .
ungerm.

Sterilization 2 cm 2 cn-0.5 cm ~ stunted
Oak Leaf L 15 6.1 26.1.  62.6 5.2
10 54.0 3.0 11.0 1.0
7.5 75.0 16.1 7.1 1.8
5 86,2 . 12.8 1.1 .00
" Butter Crunch 15 84.5 131 2.4 0.0
.10 81.4 , 10.5 4.6 3.5
7.5 ' 88.0 9.3 2.7 0.0
5 191.9 8.1 0.0 0.0

i jj- Sterilizing solution - buffered hypochlorite_;
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;'The following summarizes the pfogfess of Coﬁtfact NAS 9-12050 for

the period September 1 through September 30, 1971. Tasks covered by

. this féport are (1) 1.2.1, a and b of Exhibhit A, Statement of Work

for the Investigation of the Effects of Lunar Materials Upon Terrestrial

Vegetation, and (2) Experiments directed toward development of pro-
Qedﬁres for carrying out tasks 1.2.2 and 1.2.4 of Exhibit A,

" 'Germination Rates of Disinfected Lettuce Seeds After Storage

Seeds were prepared as indicated in the August report with the

; éxception that-treatment_ti@é was decreased to prevent damége té the

seeds.: Stofage was in the described storage units at room temperatu%e

-in the dark. Tables 1 and 2 summarize the results of the storage
:‘experiment. Storage for periods up to 6 weeks after treatment in.general

h:--have aﬁéarently no significant effect'upoﬁ germination percentage of the

seeds or vigor of lettuce seedlings.

-Effect of Agar Upon Germination and Growth

Fisher brand agar, bacteriological grade, has been used in the stan-
" dard festing'procédures.A Other agars have been routinely compared with
it. All agars Qere prepared in the same manner except Noble Special Agar
(Difco) which was found too soft at 1.0 percent. A 1.5 percent gel was
used. The results of comparisons with two lettuce varieties are'givén in
‘Table 3. The length of the stem of seedlings seems to be a fair index of
vigor of the.seedling and the combined contributions of seed reservés and
the contribution df the agar. At 6 days, most of the seed feser&es have
been exhausted. The less burifiéd agars appear to contribute a good

deal to growth. There alsc appear to be components present which inhibit

. growth and germination of some seeds. The greatest uniformity of



“germination and growth was on Difco Purified Agar. It might also be

worth considering the use of agarose for critical experiments.

A Siﬁplified Procedure for Surface Sterilization

| The currently used procedure for surface sterilization bf lettuce
seeds (NASA Manual MSC 03267) involves ﬁhe use of covered beakers into
which tbe disinﬁectant‘and washing éolutibns are successivgly.poured.'v
The proéedure requires much hard work and a great deal of*ﬁreﬁaration
since beakers and bottles of sterile water must be prépared'for each
seed samplé. Thé résult is that pfeparatién requires a conslderable
amount of'time and a large expanse of bench. space to hold all of the
materials for even a simple éterilization expérimeﬁt. We have develﬁped
and tested a simplifiéd system which we have foun& suitable at least for
lettuce seeds. o | | o . S

Components.— Materials required are 5 or lb‘ml disposable plastic'
‘syringes, a piece of fine mesh nylon-nettihg, a length of 1/8" OD vinyl
tubing, a 2 1itef“filter flask, a one hole rubber stopper to.fit the flask
"and a 1 ml pipette.
| Assembly.~ The inside of the syringe barrel, but not thé plunger, is

. thoroughly cleaned with chloroform and then a circle of nylon netting is
welded to the inside of the closed end using a small heated rpd. A short
pilece of vinyl tubing is pushed over ghe-lue; fitting leaving apbroximately'
- 3/16 inch projecting beyond the luer tip; The plunger is replacéd in the
barrel,

The pipette is inserted in the rubber stopéer and adjusted so that

when the flask is tightly stoppered.the mouthpiece end of the pipetﬁe is



juét'ééove the.bottom of fhe fiask.}'The delivery tip sﬁould the# project
approximafely_l inch‘above the top of the stopper. The flask containing
iSOO ml of distilled_water is autoclaved for 1 hour? The stopper and

pipette tip are covered with_aiuminum fqil and ;he side arm of the fiask

is plugged with cotton.

Sterilization Procedure.- The syringe is loaded with 250 mg of seeds’

(200—250 seeds); The usual solution of hyp§chlorite is prepared in a 250

" ml beaker. Sterilization is init;éted by digwing the éblution into the
syfinge and shaking rapidly to wet the seeds. After 172 minute the.éolution
is expelled "and replaced with fresh solutiqn. Within the following 2 minutes
“this is repé;tedufour'times. Seeds treated longer than 2;5 minufes are

- given a.final change of the solution and allé&éd toiéit until the end of
treatment. Té rinse the hypochiorite is expelled and distilled wateriis-
drgwn from the distilled water flask through the projecting'pipétfe tiﬁ;

thé vinyl tubing serving as a sealing collar; Rinsing-is repeatgd 6 times
over a éefiod of 10 minufes. |

Preparation for Activation Experiments.~ Tentative selection of five varieties

| haé'beeﬁ made for purposes of development., Varieties are Tom Thumb, Grand
Rapids, Ford Hook, Oak Leaf and G;eét Lakes. The first four represent

‘the fastest growing most vigorous varietieg. The last is possibly the worst
of ;11. It is suggested that possibly more can be learned from tegfing a
poor grower for improvement than from testing fast growers. |

Experiments are under way on development of a chamber for testing

growth in preseﬁce of activated lunar and terrestrial materials., The



several systems updergoing trials are of two basic types. One is based
on tﬁe sysfem for final transfer and growth of géfm"ffee-pine ééedlings
described in the August report.- The other é?stem utilizes containers
'of varﬁous ccrfigﬁrétions inside of larger sterile éontainers; Current
fidéas'regardiﬁg requirements for the test system include the foliowing:
1. }Room for growth in a germ—free state for périods up to one
and one-half months. o .
2; Simplicity of sterilization’and-;ssembly..'
3. “Confinement of éétivated materials to a relatiQely small
area to prevent waste and to-allow efficient contact by the
ﬁlant roots.
4. - Inérgness in the suppoft medium'ﬁifh minimum contribution
to the nutritioﬁ.df the seeds. |
5. ﬁése of feco;ery_of activated lﬁﬁér mafgriais at the end of

“the experiment.



TABLE 1. Percentage germination at two (2) days of seeds of twelve
lettuce varieties stored for various times after treatment.

Percent Germination
"After Days Storage

'Vargefy t | 0 Days -7 Days 14 Days 42 Dézs':
imperial 84% 86 . 77 . ' ‘ | 88 o - 90
Paris Island -~ 87 9 v %0 89
. Great Lakes o 88 S i 911 o . 89 - | 93
_-Burpees'icegérg 92 ' B .- 95 . (J 95 - 96
zf.Dark G;éen Boston | 84 . v "_- 86 R ; | 85 ." .89
| Salad Bowl . o7 e - % 89
"“'Tom_ThuAb .98 e . e g
. Grand Rafids- 99 .. E 95 : ‘..-_ 99 : 95-
Ford Hook 95 PR TE 99 95
Mesa 659 85 90 s 14
- 0ak Leaf 89 oo o5 93

Butter Crunch 22 37 65 . 47




TABLE 2. Final germination and seedling vigor of twelve lettuce varieties
‘ stored for various times after treatment. :

“Percent .
Days Germination Percent of Seedlings
. Storage at 6 Days Qver'Zcm 2cm-0.5cm  Under 0.5cm
";Impeyial 84? 6_ ' -89 : "64 - 24 1 A
| ‘ B L S S S

W % e o2 R

42 9 - ..- 72‘f{ SR O
. Paris island 0 4 - 99 _ 62 33 : '.4
L 799 T a s _:  .
14 98 .15 22 1
42 . e 74 20 .3
Great Lakes 0o 99 17 73 9
- 7 10 . 23 66 11
% 98 o - ;‘_  - . -
42 100 33 56 12
Bufpees Iceberg 0 | 99 A 56 37 - 6
7 99 62 30 N
14 99 84 10 s
42 99 ' 91 4 3
Dark Green Boston 0 , 96 26 23 o 46
7 94 19 54 20
14 3 21 4 31

42 E 53 25 Y,




. Percent
U N Days Germination v Percent of Seedlings
' Storage at 6 Days Over 2 cm 2 cm-0.5 cm Under -0.5 cm

' Salad Bowl 0 100 85 12 T3
7 10 - 87 om0 2.
% 10 79 7 19 .1

42 e sy . 6 3

Tom.Thumb . o 0 99 66 29 “_ -3
| 7 97 . 80 . 13 . &
14 . 100 - 93 A

42 - 100 92 .y T

" “Grand Rapids 0 T 10 . s 16 3
7 98 - 85 7 5
14 100 72 28 0

42 98 86 - 10 S

Ford Hook 0 98 73 22 2
7 100 90 g8 - 2
14 100 99 1 - 0

42 100 94 1 s

Mesa 659 | 0 9 2 92 2
7 . 98 14 83 0
14 97 21 65 | 12

42 98 52 32 14




) Percent _ A .
Days- Germination ’ Percent of Seedlings
} Storage at 6 Days Over 2 cm 2 em~0.5 cm Under 0.5 cm
" Oak Leaf . - 0 96 o 35 e
7 e us - T | 17
14 B 71 19
42 0 . 78 i1 . 10
- :Butter'Cr-unch:- | : 0 | 90 » | 9 53 - 28
7 e . m | 47 N 37
14 Y S e .3

42 92 ' 18 © 34 | 40




. ‘Table 3. Germination and growth of lettuce seeds in variouys

grades of agar.

Percentage of Seedlingsl/'
in Length Class

: L - Lettuce ~ Over ., 4 cmto 2 cm to .
Agar _ Variety 4 cm 2 cm 0.5 cm Stunted Ungerm.
Fisher : 2/': o -
~Bacteriological Ford Hook™ 71.4 20.6 6.8 0.9 0
Great Lakesi/ - 30.5 . 55.9 12.6 - 1.0
Difco : - ' . ' : D _
Bacteriological @ Ford Hook 24.8 66.5 5.0 © 3.0 0.5
: Great Lakes 1641 67.2  14.9 1.5
Noble Special Agar  Ford Hook 14.4 82,2 1.9 2.14 0
Great Lakes — 15.1 61.9 21.2 1.8
Oxoid Ionagar #2 Ford Hook 2.0 92.9 2.4 2.3 0
Great Lakes 29.4 57.0 9.75 1.5
Difco.Purified Ford Hook 0.3 94.6 3.1 1.6 0
Great Lakes 0.0 20.9 70.5 8.2 0.6
‘lj |
Average of 8 plates tested with 50 seeds per plate. Counts made at 6 days.
2/
Disinfection time was 5 minutes.
3/ - | ' ‘ S

—

Disinfection time was 2.5 minutes.



The follow1ng semmarizes the progress of contract NAS9-12050
for the period January 1 through January 31, 1972, |
Experlments are continuing in an effort to confirm the germ-
free condition.of lettuce seeds. ﬁigher perceneages of conta@ination
© . are obsefved when seeds are aliowed to gefminate and grow for 2-4 days
. on purified agar prior to pleting on a nutrient'agar.. Contaminating

bAorganisms (all bacteria) appear to be 1argely associated with the stem

and cotyledons rather than w1th the roots., Kllllng of seeds or seedllngs

;By freezing prior to plating has no effect upon normally observed
>‘contaminatioef In no case has contamination been above 5 percent;.thUS'
':3lettuee at this point etill appears to be a rela;ively clean species.

. Preliminary experimeﬁts.have been eohéleted with the growth chaﬁbere
for exposure of lettuce seedlings to neutron activated soiid materials;
Simulated.luna% or lunar dust wiil be mixed with dampened sand which will
serve as the support medium for germinating seeds or will be spread over
the.footsAof seedlings already growing oﬁ a thin layer of sand in the
standard groﬁth chambers submitted previously. Upon the advice of
members of the Nuclear Science Center, staff activation times will be

shortened to one to a few days and exposures will be no more than 1 week.

(8



The followiﬁg is a periodic progress report summarizing tﬁe most
recent results of work done’under contract.NAé 9—12050.'

‘One portion'qf this project has been concerned with the use of tiséue
 culthre as a means of evaluating the effects of lunar or terrestgiai
mineral mater£a1 upon cell growth. Experimeqts were done with two main
objectives in mind. Oﬁg objective was to learn something about the pfo—»

perties of the tissue and conditions giving optimal growth.. The other

was to decide if tissue culture could actually be used to study uptake

&

of elements from simulated lunar sbil. Lettuce was used as the test
tissue.
PART 1

Growth and Properties of Lettuce Tissue Culture

Materials and Methods. Initially five varieties were tested to determine

" the-most suitable for these experiments. These were:

7 : .. Tom Thumb.
8‘ : | VA' Grand Rapids
9 A S © Ford Hook
11 | ' - Oak Leaf
17 | | . Prize Head

Variety Oak Leaf was éelected and ali of these experiments were done with it, -
E%plants were from seeds sterilized as déscribed in an earlier report
and planted én agar prepared in Hoagland's #2'solution. Seedlings were
allowed to grow 5-15 days before use. Whole leaves or parts of leaves. or
roots were used. All plant parts were transferréd to the surface of the
tissue culture medium using aseptic technique but without further surface

sterilization.



;ﬁedia used were Murashige_énd Skoogs medium (MS) unmodified and
Mura;hige and Skoogs medium és modified by S. Venketeswa:én (SV medium).
SV medium was tested Qith.§arious components‘increased, decreased or
4életéd and.ﬁiﬁh édditional supplementation. 'The basic SV and MS medié ére
‘i-déscribed in'the‘NASA Prdtoéol manual MSC 03267. SV medium was émployed

.finAiimifed-tests'bf liquid culture. Major salts were tested in various :
_fdiiutions. - Trace elemehté and viéa;ins were used in normal cdncentration.
| Solid médium was pre#ared withAIZ purifieé Difco agar. Plastic 15 by
ldO mm sterile disposable petri dishes wereaused for all experiments with
'-gfo&th.on solid medium. Edges were sealed with scotch tape to retard
desiccation. | -
| 'Fbrmétién of callus was allowed to progressifor 4-6 weeks at 24C

'..:under fluorescent light. Growth was evaluated by fresh weight and in some

L ,expeiiments by Lowry total protein and acid phosphatase.

Results and Discussion. The fbllowing géneral-observations may be made

condern;ng tiésue culture:
| _ Lettuce is an ektremely easy.tissue to culture. Even in a medium devoid
of complex additives such as gocoﬁut milk, callus begins to form on the
explant at 5 to 7 days. In our case this was probably partly traceable to
the fact that plants were grown from sterilized seeds and thus surface-
. sterilization which could retard outgrowth was not necessary;
Raﬁidity of callus oufgrowth appearsAto be independent of plant parts
(roots, leaves, stems), provided a cut surface is exposed; of age of plant
(within the ;imits of 5-15 days); of growth conditions (light, dark, or
temperature from 20—306); or of variety (for the five.varieties tested).
Fresh weight yield, though probably not phyéiologicél condition, was
not significantly different at grqwfh temperatures from 20 to 30C.

Growth in liquid medium may be initiated from either callus or fresh



 ~b1ant parts. The best growth is obéerved in SV medium containing i/2
| - . .

?to 1/4 the concentration of major salts employed in the standard solid
zmed;um. Shaking of cultu;es on a rotarj shaker results in a high number
éf broken cells and much'cell debris in the culture. Culture in tubes
‘on a roller apparatusiappears to be mofe practical method of growing
iiéuid culfufes. |

. Various experiments Qere carfiga out with cénditions of growth‘of

lettuce callus cultures. The following conditions were common to all

" experiments:

A,'~SV basal.consis£e&.§f all sélts.ﬁormones and vifamins of si'
-mediﬁm without the complex additives coconut miik and yea$t extract
and wifhéut ascorbic acid.

All proportioﬁs given are fraétions or multiples of the amounts
épecified in the protﬁcol manual. | |

All explants were parts of léaves ranging in weight from 7 to
12 ng.

The following experiments were done:

Effect of pH on growth of tissue explants of several varieties of
lettuce using complete SV medium prepared and adjusted before autoclaving

to pH 4.8, 6.0 or 7.5, Culture age 1 month

Variety _ Grams fresh weight yield
pH 4.8 pH 6.0 T pH 7.5
7 S C EPWAT 3.010 3.112
8 2,775  2.600 2,407
5 - f B 1.943 “2.217 2.111
un ' 3.556 3.722 " 3.461

17 2,247 2.351 2.014



~Effect of varying amounts of yeast extract upon growth. Culture age

. 6 weeks.
Treatment | Grams fresh weight yield
. SV coconut- yeast ' ” S - 2,469 + .622
'SV coconut + 1/4 yeast - S 3.072 j..297
SV coconut + 1 yeast : .7 3.356 +1.495
-. SV coconut + 2 yeast ' — 3.584 40,731

Effects of &arying amounts of ascorbic acid updn growth. Culture age 4 weeks.

SV basal - ascorbic _ © 2,802 + .842
. SV‘basal-+ 1/4 ascorbic ' .- 2.682 & .654
* SV basal + 1/2 ascorbic T | : '2.756-i .583
.Sﬁ bésal + 1 ascorbic . ) 7 A2.977 +1.042°
‘SV basal + 2 ascorbic o 2.323 + .644

 Effect of varying émounts of coconut milk upon growth. Culture age 7 weeks

’ SV'basal o , 4.031 + 1.000
SV basal + 1/4>§oconut . 4.965 + 1.492
SV basal + 1/2 coconut o 4,287 + .558
SV basal 4 i cdconut . ' 5.375 + 1.402

SV basal + 2 coconut . ) -7.375Ij 2.242




Effect

of varying amounts of KH, PO, upoﬁ growth. Culture age 4 weeks
Tréatment Grams fresh weight yield
'SV basal - KH, PO, 041 % .022
.SV basal + 1/4 KH, PO, 571 % .426
SV basal + 1/2 K, PO, 1.362 + .573
SV basal + 1 KH, PO, 1.836 + .625
| SV basal + 2 KH, PO, 2,418 +1.293
of vérying amounts of CaCl2 upon growth. Culfure age 6 weeks

o Effect

Y
| sv
.SV

Sv

SV

‘basal + 1/4 CaCl

basal - CaCl2 :
2 .
basal + 1/2 CaCl2 '

basal + 1 CaCl2

basal + 2 CaCl2

3.170 + .558
2.310 + 911
2.592 + .974
2.286 + .557

1.561 + .625

Effect

of varying amounts of MgSO4 upon growth. Culture age 6 weeks.

sV

SV
sV
sv

sV

basal

MgS0,

basal + 1/4 MgS0,

basal + 1/2 MgSO,

basal + 1 MgSO4

basal + 2 MgS0,

.359

1+

574

o

3.214 480

2.089 + .623

M

«799

e

2.924

1.939

14

.993




Effect of various vitamin additives upon growth. Culture age 5 weeks

Treatment Grams fresh weight yield
© SV basal’ 3,183 £ 1.152
SV basal + myo inositol 2.066 __.534 ‘
'SV basal + Ca pantothenate 2.831 4 .701
SV pas51 + B, 3.397 £ 1.132
SV Basal + Ca pantothenate ° -
+ B, 4.253 £ 1.100 -
4 S&;basal + Ca pantothenéte _ . _
+ myo-inositol o 3.594 + .858
4.295

SVt basal + B2 + myo inositol

.~ Experiments with handling of tissue and its.effects’upon enzyme

"(acid phosphatase) activity. Effects of homogenization in buffer (0.005

M. Tris-maleate pH 6, + .001 M MgSO4 and 1 mg/ml Sodium Ascorbate)

compared to Homogenization in distilled water. Culture age, 4 weeks.

Homogenates preparéd from whole callus after storage for 4 days at 4C.

Treatment Homogenate Enzyme Units /mg Protein
SV basal + 2 CaCl2 Water 0.268
éV basal + 2 CaCl2 Buffer 0.346
S8V basal + 1 CaCl2 Water 0.369
SV basal + 1 CgCl2 Buffer ' 0:411
“SV basal + 1/2 Cacl,  Water .0.309
SV basal +ll/2 CaCl2 Buffer 0.&21
SV basal + 1/4 CaCl2 Water - 0.388
SV basal + 1/4 cacCl Buffer 0.437

2



"Total Lowry protein and acid phosphatase activiﬁy of lettuce callus

tissue of differentbages after growth in the presence of varying levels

. of added calicumn.

Treatment

Acid Phosphatase

Light

Age Total Protein _
-mg/g fresh wt 'Enzyme Units/mg protein
"2 Calcium Dark 0.496 2.089
| | Medium 0.715 1.222
» Light 0.778 1.154
._ 1/2 Calcium Dark '0.558 1.870
| | Medium 0.678 1.445

Light = 1.154 0.809
" -~l/4 Caicium Dark% _0;558:' 1.709
Medium 0.665 | 1.412
Light 1.079 0.793
0-Calcium Dark 0.828 1.042
Medium 1.154 0.742
1.286 0.701




Total Lowry ‘protein and acid phosphatase activity of lettuce callus

. tissue of different ages after growth in the presence of - varying levels of

added magnesium.

Acid Phosphatasé

Treatment Age Total Protein
ng/g fresh wt v quyme Units/mg protein
2.Magnesium Dark 0.85? 0.934
Light 1.142 0.635
1 Magnesium Dark. 0.774 1.417
'Light 1.964 0.538 _
'1/2 —
Magnesium Dark ‘ 0.815 1.208
Light 1.577 0.690
1/4
" Magnesium Dark " 0.892 0.777
| Ligh;. 1.232 0.517
0-Magnesium Total 1.756 0.214




PART 2
Use of Tissue Culture for étudying Uptake.of
é : Minerals from Simulatéd Tnar
Soil |

Materials and Methods. Media and methods of cultivation were identical =~ .~

to those outlined in pért 1. Simulétéd lunar soil lot #005 Qaé weighed
in vary;ﬁg amounts into capped polypropylene tubes and guégclaved at

1 psiufﬁr_twenty‘minutes. Prior to pouring of thé medium (20 ml/ -
plate) the contents of individﬁal fubeé were emptied into.the plates
‘and mixed into the ungelled medium by gentle swirling. Leaf expian£s
averaging 10 mg were planted on the solidified égar at the rate of 3

explants per plate.’

Results and Discussion. The following general conclusions can be made

concerning the use of tissué cﬁlture for assayiﬁg the effects of mineral
elements from simulated lunar soil or other mineral samples: ‘

The method used here is a very sensitive one for-Showing that
soluble materials are reaching the tissue explant.

The effects found (inhibiting) are very probably caused by e#cess
foxic materials or competition of non-essential elements with essehtial
elements rather than pH changes beéause’previously pH has been found to
have relatively little effect err a wide range.

Any stimulatory effect of the simulated lunar soil will probably
éppéar at concentrations beloy those.used in these experiments. If
this is the case, the method is much less wasteful of mineral materials
than methods in which pre-grown callus is treated wigh mineral materials,

Measurements of uptake of minerals will be difficult in this

system because of the relatively small growth obtainable from the



tissue and also because of the apparently large background of minerals

contributed by the purified agar.

‘The following experiments have been done:

Effect of varying amounts of simulated lunar soil batch #005 upon

'g;owth of lettuce explants. Culture age 4 weeks

Grams fresh weight yieid

Variety 'SV basal +100 mg +500 mg +2000 ng
8 1.240 L2677 .027 .016
9 T 1.005 | .206 .. .070 . .053
o1 1,115 . 406 097 .04l
17 - . .95 .162 105 Lo74

-

Effect of varying amounts of simulated lunar soil upon pH of 20 ml of

SV basal medium.

Time after addition . pH'
: 0 50 mg SL 500 mg SL . 2000 mg SIL
1 hour . 5.40 - 5.41 5.98 6.52

2 Days ©5.41 55D 6.10 6.78




‘pH of 20 ml of distilled water or 1 percent purified agar suspensions

of various amounts of Simulated Lunar soil.

Medium o : 2T pH . ‘ L
) 0 . 50mg SL . 500 mg SL 2000 mg SL
' Water + SL #005 6.70  6.92. __ 8.65 ©9.50
' Water + SL #002 6.70 6.85 .'8.75 . -9.56°

Difco Purified.‘ : . . :
Agar + SL #002 5.80 6.76 - 7.40 8.33 -

o



The folléwing sunmarizes the progress of coﬁtract NAS9-12050
for the periqd June 1 through June 30, 1972.

Experiments with tHé ability of powdered bagalt (simulated
"luhar soil) to supﬁort plant growth;are continuing. The results
"of a large number of trials with lettuce growth in various types
~of apparatus under different growth conditions indicate three main
conditions to bevmet. First, in-ény appreci;ble volume of the
simulated lunar material it is neqesséry to:?fluff” the powder to allow
“aeration of the plant roots. In experimenté with small amounts of .
-powdered basalt and small plants, this has been solved by growing the
'blants on a géuze éupport over the basalt in water, by mixing with |
acid-washed sand or by sandwiching the powder between rélled layers éf
washed filter paper. Examples of the various apparatus used have
been éubmitted previously. With volumes of material adequate for growth
;of a plant to maturity, such systems are not suitable because the samples
of simulated lunar material'provided are fine powders formulated to
duplicate chemical composition but not physical consistency of lunar
- soil. The lunar soil approaches a sandy loam in general consistency.
vhich may allow adequate ventilation. Fér Eegts of this, it will be ﬁore
jmportant to duplicate the physical properties than chemical, and the
_ preparation of a quantity of such material should be given high priority.'
For the simulated lunar material currently available we are experimenting

" with the use of polyurethane foam and Dacron fiber as bulking agents.



i ..utilizatior
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A second requirement is for supplementation with nitrogen and

‘ to some extent phosphorus. This has been accoﬁplish;d thus far by

addition ofathe‘saltsfin solution, however, under these conditions the

‘foﬁifgéfé éhd‘phbsphate leavingAbeﬂiﬁd the sodium potassium
ﬁf:ﬁgr;géiéium résulfs iﬁ‘a\fise inlpH.; A third requirement is,'thefefore,
* the maintéinencg of a éeasonable ﬁH; We are attempting to solve both

- requirements b& constant leaching of the soil with dilute (<.001M)

7

HNO3 and H3P04. Results thus far:have been encouraging, although the
.‘_requirement for germ-free conditions éreatlyAcomplicates the mécﬁaniés
“of the system.

Tissue culture éf lettuce.has been accomplished with a minimum of
difficulty. Callué formation is evident after 4 to 5 days in SV med ium
(NASA‘Prétocoi Manual). Growth rate is good though not spectacular,
Tissﬁgs are tan to brown indicating a considgrable amount of pigment
syﬂthesis, probably tannins. There is no noticable difference in
growth when coconut milk islexcluded from the medium and only a moderate
reduction in growth with the exclusion of yeast éxtract, We are in the
pfocess of optimizing the various cémponents of the medium for growth of
lettﬁce.

Callus is initiated most easily on aga} using short sections of
stem tissue. Leaves are resistant and must bé cut and pressed into the
égar. Plants used in these experiments are grown 6 days from surface
~ sterilized seeds planted in Hoaglands agar (1% agar in Hoaglands #2

solution). Of the five varieties we have cultured, Tom Thumb, Grand

Rapids, Ford Hook, Oak Leaf, Prize Head, relatively little difference has



been apparent in rate or appearance. We have thus Qsed only Oak Leaf fof
the experimenﬁation. -

; Liquid shaken cultures may be readily initiated in SV mediﬁm
 (minus cocondtvmilk) using either plant parts of pré—grown callus;
Lea§es or pre—grdwn callus are better than stéms.nhieaves tend té
.,produce strings of cells under the conditions gurféntly being used,
hgweier, a second generation of well suspended cells may.be grown by
re—inoéuiating with dnly ﬁhe suspended ?ortibn of the leaf cell culfure.
Presently, we use Sb ml of medium shaken at 150 rpm in a standard

.256 ml erlegmeyer flask. Wé are élso experi;entiﬁé with growth in an
» 'aeratéd culturg system which we have employed in the pést for growing

fungus cultures.

i1}



The following summarizes the progresé.of contract NAS9-~12050 for the

-period July 1 to July 31, 1972.

1

-_ Expériments-with lettuce seed on various amornts of Simulated Lunaé
soil (SL) mixed with 1% purified agar have suggested sigﬁificantly increased
gerﬁination rate and increased rate of elongation in the preéence of St soil '
(Table 1). Groyth of lettuce'seedlings infthe presenée of SL soil is, in' |
generél, deqreésed as amoﬁnts of soil in contactlwifh the seedlinés are
increased above a few hundred milligrams per gréw;ﬁ chamber (Téble 2).

These experiments were car?ied out in the folded filter paper growth vesseig

- in polypropylene covered quart mason jafs.

:Thése'resulté were not'coﬁpletely unexpected aﬁd this ex?éctatibn.was

in part the basis for our earlier decision to begin“some éractical expgri—

- ments with leaching treatments of SL soil. It seems likely that SL soil .

- {general conclusions can probaBly be extended to lunar soil although support-
ing>data are not available) provides iimited amoun;s of mineral nutrients
whiéh are beneficial to germinatioﬁ and to elongation of the hypocotyl.
Inhibition appears to result from the release of excessive amounts of mineral
elements by the action of the growing plant roots. Whether the méchanism of
'inhisifion is in release and subsequent uptake of toxic elements or by com-
petition and exclusion of essential elements by non-essential elements we
cannot say at this péint. Analysis of the tissué ha:vésted from these ex-

periments should provide some answers.



Table 1. " Effects of simulated lunar soil upon
germination of seeds of oak leaf lettuce.

: Average
Simulated hypocotyl ’
lunar Average percent germination at length at
'soil, mg 24 hrs 48 hrs 144 hrs 144 hrs

0 42,0 84.8 95.0 2.54
50 - 69.9 90.6 97.0 2.33
100 ~ 66.9  88.8 .. 97.9 . 2.68
200 66.8 90.3 96.3 2.68
500 . ©70.5 91.8 "~ 97.5 2.58
1000 67.6 90.6 97.0 3.08

2000 72.6 92.6 96.4 3.45




- Table 2. Growth of germ free lettuce plants of five varieties

in the presence of varying amounts of simulated lunar soil.

Simulated a
lunar Average dry weight yield per growth chamber
soil, mg #7 #8 - #9 #11 ' #17
0 - 7.78  11.73  14.45  38.76 10.52
100~ 25.00  10.20  16.12  42.17 5.08
500 ° - 13.02  10.12  16.13  42.08 6.34
1000 = 12.48  13.00  12.74  39.12 9.03

. 2000 16.15  10.28  16.12  35.84 3.94

. ..’g{i‘:

R

g ¢

qThree seedlings per chamber after 5 weeks groﬁth.



;Thé followiné‘is a periodic progréssbreﬁort summarizing the most . -
fécent results of work doneé under contract NAS9-12050. ~.“.,‘?

AIn addition to measurement of mineral elements taken up into letfuce;
'_ plants growing on-various soils, a poftion of this project.ﬁas been "
concerned with the re}ease of elements from éimﬁlatéd lunar soil and
' _other materials by the actién of legtuce;rooﬁs‘or foo£ exﬁdates and
,microdrganisms._ .

General Method

Lot

The‘generél approach employed involves ‘the growth of the.plants of
microograpisﬁs br both togefher upon known amounts of the’mineral
‘sﬁbstrafé followed by @olléctioﬁ 6f the sol;te and analysis of it tof
lﬁfdetermiﬁe minerals released. Minefals taken up intb the upper plant
.:pérts are aléo measured in accordance with the primary objectives
'.of the pfoject. Roots are eiéluded hoﬁever becéuse of the impossibility
.of sepafaﬁing them from the solid mineral substratef Three separate
types of experiments are being done:. rélease by microorganisms alone
and in varioué combinations on a variety of organic substrates, releaée
by action of plant roots under germ free conditions, and releaée by
.confined actibﬁ of plant roots and varioﬁs microorganisms or combinations
of microorganisms.

Release by Microorganisms

bpe hundred milligram éamples of the mineral to be tested are
weighed into clean polypropylene culture tubes (Falcon 2006) and
autoclaved 15 minutes at 15 psi. To these tubes are added O.S ml of sterile
distilled water or nitrogen-phosphorué salts solution containing
Qarious‘conééntration; of organic substrates. Insoluble substrates»are

"added with the rock. The microbial inoculum is suspended.in distilled



wétég épd'aaded to the tubes with,é wire loop. Aftef incubation for

: g'ﬁeriod of time, usually one month,rZ ml volumes df distilled Qater'are.
added and mixed on a vortex mixer and sélutes are collected and con-
centrated by wigration up a paper wick.

Release by Plants or Combinations of Plants and Microorganisms.

Plants are grown by the.gauze method over 500 to 20000 mg of mineral
)éémﬁiéAwith 15 ml basal sélts solution. The salts soiution éonsists of 5-
ml of distilled water added prior_to autoclaving and 10 ml of double
strength“Hoagland'g {2 solutionAmacro elements. If addition of micro-

;ofganisms is required these afe iﬁtroduced as described above. At

‘the end of tﬁe growth perioa planfs are dried and weighed. Soiutés are

' éollected as above by migration up a filter paper wick. Given below
. is the procedure used.

' "Collection and concentration of Solutes on Filter Paper. .

General: The method involves migration of the solutién up a strip

of filfer papér and evapqration of the wate? leaving the ;olutes

concentrated at the tip. The tip is the cut off and analyzed by

an appropriate method. Whatﬁan.#AZ Ashless . Paper is used.

Procedure:
1. Cut Whatman #42 ashless filter paper into 1" x 4" étrips.
2. Prewash, insert each strip into a ciean Falcon #2006 plastic
tube, add 5 ml of double distilled water and allow the wéter to
evaporate. |
3. When the strips are dry, trim the top 1/4 inch from the
sgrip and discard. Store the strips in a clean polyethylene bég.
At this stage either handle only by the tube or use polyethylene

gloves to prevent contamination by minerals on the fingers.



4. To collect solutes insert papers to the bottoms of the
éxperimental vessels and alléw to migfate and évapofate to
dryﬁéss. For plant growth,chambers,.slit the covering polypro-f
pylene film near.the edge of the vessel and insert the paper
through the slit.
5. Wash by ad&ing distilled water (2>ﬁ1‘for tubes 5 ml for

' :beakers) 3 times allo?inglihe paper to dry between additions.

i 6. After the final washing, cut off the top 1/2 inch of the

* strip.containing the concenfrated solutes and store in a 3/5
dram snap cap polyethylene vial.
7.- The storage vial is.alsé the vial used for holding the .
samﬁles during activation. Such vials should be rinséd.care— _
fully with distilled water before usé and éll iabelling should be |
doné by scratching the plastic with a sharp pen. Marks—A-tét |

or Magic-Marker ink contains significant amounts of metal

contaminants. o ; ' J

- Discussion

. This line of experimentation is being pﬁrsqed in order to provide
comparative data regarﬁing tﬁe actual amounts of solublé minerals
available for uptake By the plants. It should also provide some in-
sight into the problems which will accompany attempts Eoléstablish :
an agricultural operation in a lunar base or u?on similar terrgstriai
sites such as fresh volcanic ash falls, eruvded areas or areas denuded
ﬁy mining operations. The purpose of the present réport is to outline

the experiments and the methods used. A number of samples have been



generated and have been submitted for analysis. Other experiments
are in progress. Results Qf these will be submitted in a future

report.
{
i




-{The following is a periodic progress report summarizing thé most
recent results of work done'under‘contract NAS9-12050.

Thg.primfry objective of this project has been to produce lettuce
tissue which has been grown under germ free conditions in contact witﬁ‘
v;ribus mineral substrates. Beéaugelof these restrictions,_conditiohs are -
_optiﬁal neitherlfor maxiﬁum growth rate nof for pfoductioﬁ”of large
amounts §f~ti$sue; 'Nopefheless, a secondary objective has been to draw
some conclusions concerning.the.nutritional.value 6f'unweatﬁérea minefals
to the test plants under the specified conditions.

Methods. . |

The plants'were grown and exposed to simulated lunar soil gatch
-#0@2 by the filter paper method.described pre?iously. Plants‘were grown
for one moﬁth + three days, harvested, dried at 75C over night and

weighed to determine yield per treatment,

Results and Discussion

The necessity for minimizing handling and contamination of plants
'pfecluded the possibility of obtaining individual weights and thus
of.calculation of statistics of variability from the data. The cum-
ulative averages are taken, however, from five separate experiment#,A
each having six replications, therefore some valid trends shoﬁld be
recognizable. Table 1 summarizes the yield data for SL soil.

There is in general an increase in yield from plants treated with
SL soil. This is probably significént. In addition there appears
t; be some inhibition of growth at higher concentrations., It is

dhlikely that this is traceable to differences in pH which is 5.15,

7



. 5.42; 5.82, 5.95 and 6.14 fof the éténdard'volume'of Hoagland;s.splution
“-con;aiping 0, 100, 500, 1000, and 2000 mg of SL#002 respectively. |

" Final average pH after gro&th df plants for one month is 4.7, 5.0,

6.2 and %.4 for Héagland;s solution containing 20, 500 and 2000

mg of SL #002 resbectively. These latter values are taken from expefiments
;.ﬁitﬁ growth'ig the gauze chamber. In all cases the SL treated |

plants have been moticably greener in color at all treatment levels. -

K Color photos recording this are on file at the Manned'Spacecraft Center.

Table 1. Dry weight yield in milligrams per chamber for five lettuce
varieties grown in the presence of varying amounts of'simulatedklunar

soil batch 002

R . Lettuce Variety

Milligrams SL soil ~ . 7 - - 8 9. 11 17
0 o 11.40  9.37 13.12 13.41 8.61
100 14,37 10.39 14.73 15.50 7.35
500 ] 13.65  9.86 14.50 15.59  6.48
1000 12.08 10.25 13.97 15.87 8.78

2000 ' 12.65 11.07 13.16 14.46 6.65




The following 1s a periodic progress report summarizing the most
fecent‘results of work done under contract NASQ—léOSO. |

The growth experiment employing Apollo-1l soil and simulated lunar
s0il as described in the May report was completed. After 30 days plants
were harvested aseptically in a laminar flow hood. Dry weight yields
_wére taken for each dindividual growth chamber following drying of thé
iﬁlants overnight at 75 C. Pooled yields for each treatment were stored
" in plastic vials and given to the cenfer for trace characterization
-(C.T.C.) for neutron activation analysis. |

Yield data are as follows:

' Vial Number* Treatment Ndmber of Chambers Total mg yield/chamber
198 Control 9 L 16.242.90
199 Lunar 9 16.542.45

200 Sim Lunar o 10 , - 15.743.46
* Labeled and given to CIC | |
Growth chambers were prepared for a second cycle. Following harvest
chambers were resealed and allowed to stand 4 days to allow time for
development of possible contaminating organisms. Ten ml of additional
basal salts were added to the top of the sand of each vessel., Surface
sterilized seeds were planted and chambers were replaced under the con-

‘ ditioné described previously.



May 1 - 31, 1973

The following is a periodic progress report summarizing the most recent
results of work down under contract NAS9-12050.
An experiment was initiated to measure uptake of mineral elements for

Apollo 11 fines by seedlings of lettuce growing under germ free conditioﬁs_

Methods

Seeds of lettuce (variety Oak Leaf) were sterilized 5 minutes in buffered
hypochlorite by the method described earlier (report Oct. 1, 1971). The
growth vessel was the sand type prepared as described (report March 1, 1972;
April 1-31, 1973) with 25 ml of acid washed sand in the upper part of the
vessel and 20 ml of double strength Hoaglands #2 major salts in the lower part.
Following sterilization, the samples of lunar soil or simulated lunar soil
(0.47 g per vessel) were spread on the top of the sand and covered with an
additional 5 ml of sterile sand. Seeds (3 per chamber) were planted in the
top layer of the sand. A sterile 5.5 cm circle of Whatman #1 filter paper
having a 2 cm hole in the center was centered over the planted seedé to help
protect the seedling leaves from contact with soil or sand during subsequent
growth. The planted vessels were placed in quart mason jar growth chambers
(report April 1-31, 1973) and placed under the light bank in building 266 at
Johnson Space Ceﬁter. The growth experiment consisted of a total of 30 growth
chambers, 10 each of which contained sand alone, sand plus simulated lunar
batch #002 or Apollo 11 fines.

The plants will be harvested (report Febr. 1 - March 31, 1973) after
growth forA4 weeks and subjected to neutron activation analysis ét the TAMU

Center for Trace characterization.



The following is a periodic progress report summarizing the most
fecenp resulté of Qork done under contract RAS9-12050.

The growth experiment employing Apollo-1l soil and simulated lunar
soil as describedAi; the May report was completed., After 30 days plants
were harvested asepticaliy in a laminar flow hood. Dry weight yields
were taken for each individual érowth chamber following drying of the
" plants overnight at 75 C. Pooled yields for each treatment were stored
in plastic vials and given to the center for trace characterizépion
(é.T;C.)'for neutron activation analysis. |

Yield data are as follows:

Vial Number# Treatment Number of Chambers | Total mg yiéld/chamber
198 Control 9 16.2+2.90
199 Lunar. ey 16.5+2.45
200 Sim Lunar 10 15.743.46

* Labeled and given to CTC

Growth chambers were prepared for a second cycle. Following harvest
chambers were resealed and allowed to stand 4 days to allow time for
development of possible contaminating organisms. Ten ml of additional
basal salts were added to the top of the sand of each vessel. Surface
sterilized seeds were planted and chambers were replaced under the con-

ditions described previously.



- The following summar;zes thé progress of contract NAS 9-12050 for
the.beriod November 1 through November 30,‘1971.
'ﬁé§elopment was cémpleted on'a growth vessel for exposure‘of plants
‘ to neutron—aétiVated lunar and terrestrial materials. An ekample has
féen submitted to the Manned Spacecraft Centeg,.PreventiVe Mediqine
Division. |
:Tééts afg being made'of vérious inert media for.dilution of acti&ated
.'materials and support of'plants during exposure.v Materials being teséed

singly and in various combinations are washed quartz sand, glass of

microbeads various sizes, and fumed silica.

-



1
'

;THe'f01louing suﬁmarizes'the progresz of Contract NAS 9-120563.
for the peri&d February } through Feb;uary 29, 1972, |

4An initiél trial measurément of uptake bf_radioaétive elementé~
i3from a neutron activated sample of simulated lunar material is under
way. -Preliminar& results and éonclusions are given below..lNotes on
.details of the experiment and bits of informafion 6f péééiblevuse to
other workers,attempting éimilar éxéerimeﬁts are given‘in an Appendix,}

Conditibps of the experiment were arbitfarily set, But were based
.ﬁn the.results>of an e#rlier preliminary experiment w@th luna@ materialé'
which indicated that short activation times and sh&rt periods of exposure
were‘required'to allow detection of short half-life isotopes. Conditions
of ;he experiment were set to aid in selection of.more.nearly optimai
éttivation, cooling aﬁd exposure times for futuré experiments. The use
“of sand as a dispersion mediuﬁ for the activated méterials was.expected
éo be an improvement over the agér used in the preliminaryvtrial.

'Uptake was relatively low. Counts of 100 minutes were réqdired in
order to obtain detectable peaks of actiﬁity. Uptake of a large numbgf
6f elements was apparent although the peaks'forAmany of them were just
above the lower limits of detectability. AWitH the exception of Na—ZA few
'§f the prominent gamma spectrum peaks appear to correspond to elements
:known to be present from spectrographié analysis of the simulated lunar
sa@ple. The spectrum peaks for Mn, Co and Sc, the only elements detected
in a preliminary study with activated iunar matérials, were either absent

or relatively small. Further anélysis of decay rates will be necessary for



" positive identification but energy péaks fdr Iridium, Actinium, Terbium,
. Tin, Rhenium, Tantalum, Samorium, Gaiiium and Gadolinium'appeaf to be

' presenﬁ in lettucé plant tissues afte; growth for 1-2 aays on the
acﬁivated simulated lunar materials, Prominence’ of an energy peak 1s
_hot necessarily correlated with abun&ance.of £hé element since such '

. factors as eése of activation and the efficiency qf thé détecfor for
different energy levels have a great deél of influence,ppon apparent
activity. Nonetheless, it is evident that we will have to consider

N possible effects of some of the i;ss common elements in plants.

The relétively iow uptake of'éctivated gaterials appears to be fhé<
" main pfoblem to beisolved. The standard growth chamber using a sand
.suppo;t for roots and as a dispersing medium for the activated materials
wil} probably require modification. Trials are being made with a mesh .
support for root growth which will allow roots to be plaged'directly

“in confact with activated matgrial suspénded:in'a small amount of Wéter
or nutrient solution.

Exposufe times must be shortened to allow measurement of short-half-
life materials. Relatively old plantlets (1-3 weeks) will be necessary.
Germinating seeds, which require'sevéral days to produce adequate volumes
of material, appear to be unsuitable. |

Activation times in fufure experiments will be.decreased probably to
1 to 4 hours. The 12 hr activation timé employed in the first experiment

_ fesultgd in materials requiring an excessively loqg cooling period; Much
_of the activity of short-half-life isotopes was lost in the 3-4 days between
coméletion pf activation ana the first measurements of uptaké into the |

plants.



 ‘with

APPENDIX 1 ' BN
- Notes~February 21, Activation Experiment

Growth and exposure unit was the standafd polypropylene apparatus
the following components:
20 ml Knops solution in the lower chamber e

a 1 inch Whatman #1 filter papef wick leading fiom bottom

to top chamber.

a-4.5 cm disc of Whatman #1 filter paper covering the bottom

of the upper chamber and holding the wick in place.

5 ml of acid washed ottawa sand in the upper chamber as a growth’

support for the seeds.

ip“one set of chémbers sand was not used and seeds were germinated
directly on the filter-paper disc.

each grpwth,apparatus was autoclaved in a 250 ml plastic beaker
covered with aluminum foil; with a sterilization time of 20 min.

subsequent to seéding, the aluminum covering of the outer 250 ml

beaker was replaced with a square of sterile polypropylene film.

Treatments were:

1. Seedlings of variety {8 pré—grown on sand for 8 days + 2.hr prior
to addition of activated material and harvested for analysié at
various times afterwards.

2. Seedliﬁgs of variety #7 treated as in 1.

3."Seedlings of variety {8 pre-grown in filter paper for 3 weeks

prior to addition of activated material.



4, Seeds of variety #8 germinated and grown for 6 days on

. activated materials.

5. Seeds of variety #7 germinated and grown as in 4.

10 seeds were planted'in a circle in the center of each vessel.
"The activated material mixed with sand was poured into the center of
the circle. All growth was at 24° C with a 12 hour light-dark cycle}

, Aétivation of Simulated Lunar. - Simulated lunar sanple #.005 weighed -

- . -

. Qﬁt as a 2 g.sample.

Sample waé taken to Jack Shannon—chemistry‘gléss shop ~ who enclosed
it ina 9 mm x 4 incﬁ vycor glass tube. This lgft about 2 inches of open
.. .space above the sample.. The glass was scored with a diamond pencil about
1/2 inch‘above the sample fo allow breaking of the vial after activation.

Activation for 12 hrs, 5 min. at 1 MW pdﬁer; Compleéioﬁ at 9:00 p.m.,
February 21.

Sample was allowed to cool in the capsule until 10;00 é.m., ngruary
23, At this time activity at surface of vial read 4 r/hr.

Vial was broken at the scored point by inserting the bottom in a 3/8"
hole bored in a 6" length of 2 X 4 board and applying pressure to the portion -
above the score with a heavy pair of pliefs, using a heavy wrapping éf
Kimwipe to protect from possible pressurized gases.

Activated material had darkened noticaBly but no problems Qere encountered
in transferring it to a disposable plastic (Falcon) tube. |

. Activity was too high to ailow safe handling of the whole samplé. A
portion'df the sampie, 0.254 g (activity 280-300 mr/hr), was weighed by

subtraction and added to 0.658 g of cold simulated lunar. The combined



1

saﬁﬁie was added to 200 ml of dr& saﬁd in a ibOO.mi.plaétic beake;fA;
Distilled water (4.4 ml) was added for wetting and the sample—sand
mixtéfe.waslstirred by hand for 7.min{ ~ |

| . Measured volumes were dispensed into disposable plastic tubes and
. into growth chamﬁers'by means of a ﬁlastié §200p which delivered 4.5
:ﬁl of dry sand. Bulking by watér.résulted in a reduﬁtionvin the éctﬁal
tdry equi§alént of the activated mixture. ;

Sand—activated mixture was dispensed into 4Q fubeéland 11 growth

A{éhémbers giving a to?al volume of éppr?ximately 230 ml of mixtﬁre.

_Awerége amount of simulated lunar/mlv= 3.965 mg

Average amount/chamber or tﬁbe = 17;84 mg

Aﬁerage amount of.aétivatéd/chamber = 4.968 mg
" All tubes and chambers were autoclévéﬁ 20 miﬁ. ' S, .
Conteﬁts of 1 tube of sand—activatéd material per chamber were caréfully
"added to-the center of each phamber of pre-grown lettuce planﬁs; Sand was
spread under the leaves of the lettuce plants with the aid of a sterile
set of forceps. This process was somewhat_tedidué since the piants were
stiil small and care wés necessary to prevent thé contamination of leaf
" surfaces by the activated materials. Twelve chambers of each variety (8
" days) énd 4 chambers of #8 (3 weeks) were treated. |

Seeds of #7 and #8 lettuce varieties were élanted in the sterilized

'sand;activated-mixture. Four chambers per variet& were planted with
- 10 seeds per chambér. - .

' Harvest and Counting of Isotopes Taken up by the Plants. - Pre-grown

ﬁlants were harvested periodically and counted. Germinated seeds were

. harvested after 6Idays.



flants were picked from thé sand medium ﬁsing forceps, and stems
wére seQered from the roots with .a razor blade. PRoots wereAdiscardéd; "
_.only?the téps were retained for counting. The contents of 3 érdwth.
_cﬂambers (8 day pre-grown) or 4 chambers (germinated) were pooied qu
 couﬁting. Single chambers of 3 Qeek plants were uééd. bne to fhree |
-plantlet$ were set aéidéAfrom each sample for.trials:with Wholé plant
autorédiography. Plants were dippea in distilled wgten.té wash off |
poésibie clinging activated materia;s, blottéd dry on Lébsofblﬁattihg
and weighed in a ta;ed polyethylene counting via1. Tb iaintain uniform
sample counting geometry, leaves were tampéd“to the bottom of the viai' f

and packed in place with a wadded Kimwipe.



The'foliowing suhmarizes thé progress of conﬁract NAS9-12050 for
'.period April 1 through April 30, 1972. -
| -.DevelOpment of procédures_for activation analyéis of minerals taken
into plants from lunar finés.is cohtinuing. _Exposuré ongrcwing plants
- to éqtivated>mineral material with subégquent gamma ray spectfpmetry
§§ thé plaﬁﬁ materiais_as-originallf pianned has been found té have several’
limitations. The ﬁost notable one is the fact that the combined cooiipg
and exfésure times allow complete decay of isogopes of manéanesg and
potassium both of which are of coﬁsiderable interest. Tﬁé method is étill
adequate for the longer lived‘isotopes. If exposure to lunar materials -
' -fe%u1ts iﬁ sigﬁificént upfake of lanthanides and actinides, analysés by
tﬁis method may be more convenient. Autoradiogrébhic studies of minera;
>pptake will of ﬁecessity require previously activated material aithough
ilaﬁengAimages can be expected to reflect only the distribution of isotopes
héving long half lives. |

Our experience indicates thét for survey proposes the commonly used
methods of activation analysis are.more appropriate, Plants grown in
.COntacf with unknown and control substrates are harvested and dried, and
weighed samples in polyethylene or quartz vials are'irradiated and aﬁalyzed.
By irradiéting the same or replicate samples for succeésively longer periods
of time, isotopes having half lives from a feQ minutes to several mongﬁs may

be measured in the same tissue. A tissue sample of 100-200 mg dry weight

appears to be adequate.



.

' The following summarizes the progress qf Cohtrégt NAS9-12050
-for the period Méy l through ﬁay 31, 1972.

| P;éliminagy_experiments with 1 month plantlets of lettuce,
variety Grand Rapids indicate that it is possible to measure the'
' upﬁgke éf minerals frém simulatgd‘lu?ar soil by activation.analysis
-of tﬁe'plants following growtﬁ on this substrafe. A ﬁumbef'ofv
ekberiments on uptake of simulated lﬁnar minerals afe in progresé.
-Analysis.of plant material from thesé experiments will be delayed
:ﬁntil all plaht’maﬁerial hasABeen collected because of the relétively>
great eXpehée bf activating small numbers of.éaméies..
| Minéral uptake experimenté are of two kinds. In one type,

 ;emphasis is merely upon‘&etecting uﬁﬁake and incorpbratioﬁ of

mineral élements. Ceftain of the expefiméﬁts with uptake of mineral$
“have béeﬁ modified in order to'provide information én the ability of
various basalts and simulated lunar soil tb.sﬁpport‘growth of plants

to maturity and the supplementation or treatment réquired to accomplish
thisf Plant méterials produced in thesg experiﬁents will be amnalyzed
as usual for mineral content, however, the main emphasis is upon
development of methods for growing plants in finely divided rock,
or ultimately,.lunar fines. |

Lettuce is being studied in tissue culturé in preparation for

‘experiments on the effects of simulated lunar and lunar soil upon the
.mingral metabolism of the cells. Cultures are most easily initiated
from stem‘tissues;' Leaves of gost}of the lettuce v;rieties tested are
strongly resistan§ to undifférentiated growth in either s&lid or liquid

culture with the media employed up to this time. SV medium (NASA manual)



has been the most successful medium. The cure-all components (coconut

*

- milk, yeast extract) appear to have little effect upon growth of cultures.

]

S



| The_féilowing is a periodié pr&gress~réport suﬁmariziug tﬁe most
recent results of work done under conﬁract NAS9—12050.

,?Samples were given to the Center for Trace Characterizétion for pre-
1im£5ary analysis. Data from this anélysis are presented as séanﬁing
counts only'in'which peaks with background subtré;ted are printéd oﬁt.
-Né absolutg quéntitation‘is done. This procedure is, however, an in-.-
 expénsivé way of estiméﬁingnrelative amounts of various eiemenﬁs present-in
‘_compéfable éamples. The results are given in Table 1. . Samples wgré
weigheé and sealedlin 3/5 dram polyethyiene‘vials. For detectiop'of
short half life nuclides, a short activation of S'minutes in the Nuglear
]Science Center pneumatic system was followed by cdunts of 100 to 300
‘éeconds after délays'of 3 minutes to 67 minutes. For longer'half life
nuclides an activation period of 7 houré was used, followed B§ counts}of
33 to 480 minutes after delayé from 1.5 to 34 days. The valuesiin the
table were calculated from counts at times yielding the lowest avéfage
percent error for éach element. | | |

There. are definite differences in mineral uptake among the various
freatments, thus significant amounts of thé rocks are either soluble or
are solublized by the action of the lettuce plant roots. It seems that
the mineral salts solutién prepared with reagant grade chemicals also
Eontains a surprising number of trace contémipénts. Energy peaks
rebresenting a number of other elements were also pfesentlin thé
scans, but were not tabulated because-of large counting errors caused
by low count rates. Several unidentified peaks were also present.

- In order to increagc accuracy it wili be necessary to increase either
’sample size or activation time. |
A tissue sample including the ones scanned above and mineral

samples including the basal salts solution have been submitted



. eo tﬁe;Center for Trace Characferization for duantitative anal}sis.

Based ufon‘the_results obtained abo&e, samélés for absolutg quantitation
will be subjecte& to three separate activation and cqunting sequences. |
The %irstjtwo'will be identical to th§se_previously employed. A third'
.aétivation wi}l Be ferforﬁed on the samples éﬁcésgd in'high éuricy |
qﬁartz_for long activa;i;n periéds (5—7 days) to allow detectionténd1 A
;quangitation of the long half lifé elements th;t are prgsént in‘very low
amounts. Sample size has been doubled by combining two or ﬁore identical
‘freatménﬁs. The entire activation and counting sequencewfor a single

sample will reqﬁire approximately three months for completion.



' Table 1. Relative concentrations of elements in germ-free lettuce
plants grown on Knops solution, simulated lunar soil plus %yops or
‘lunar soil plus Knops and analyzed by activation analysis.™

:Elemen; ‘. , Knops . Sim. Lunar + Knops Lunar +'Knops
' " - Percent ,j;Relative Percent Relative Percent Relative
of Error™ Concen=~.. of Error Concen- . ' of Error  Concen-
tration - ©*. tration ] o tration
e 10.69 14009/.' 15.80 079 15.23  1.04
';'Bﬁ _ | o 10.64 ‘_",# A_ 21,01 - .0.48 o f | 17.99",.7 0.82
Ma 143 41' " | 17 198 15 - 2.3
g 16.07 - ™ o 24,72 0.71 L .421;96 " 0.8
w286 " 1.7 23 136 2w
K. 683 v 1.7 ooz 121 - 0.67
e st -2e 0 12 309 0 14
A 1s.3 v gusy 2.38 | :5.33 4.11
ca o48s :_ 5.01 C0.9%4 . 470 1.07
Hg+Se 1s.07 31.47 0.42 26,74 0.47
cc . 13.66 . 23.07  0.50 | 13.82  0.47
zn 2.38 " C4.30 0.71 371 0.77
Co 10.48 " 5095 3.4 573 4.07
Fe 10.57 " 16.75 0.93 L1l 1.3
1 |
Soil was added to growth chambers at the rate of 200 mg per plant
’ Sampie size was 141 mg for SL, i48 mg. for L, énd 165.8 mg for Knops
; . . | -

Concentration of elements in plants grown on Knops was taken as unity



The foilowing is a periodic progress report summarizing the most recent
results of work done under contract NAS9-12050.

Growth of germ~free plants in the presence of lunar or terrestrial
mineral materials has been studied in three different types of growth apparatus.
These have been described briefly in earlier reports and examples have been
submitted. Detailed descriptions and specifications for construction are given

below.

General

All three types were constructed from parts of polypropylene beakers
(Tripour) of the 100 and 250 ml sizes. Cutting and shaping were acéomplished
with an electric soldering gun having a flat tip. For maintainance and certi-
fication of germ—free condition of test plants, growth vessels were contained
within wide mouth quart mason jars. The jars contained as the certificatioé
medium 50 ml of nutrient agar (Difco) prepared according to the recommendations
of the manufacturer. Jars were closed with a sheet (5" x 5") of sterile poly-
propylene film held in place with sealing ring.

‘A1l mineral samples were supplemented with a basal salts medium consisting
of the major elements of Hoaglands Number 2 medium prepared double strength.

Gauze Chamber

In this type of growth vessel plants were supported on a layer of cheese
cloth stretched above the mineral sample in a basal salts medium. The roots
were able to grow down through the cloth and into .contact with the test material.
The 'growth vessel, itself, was capped with a square of polypropylene film. There

was no means of certifying germ-free condition of the plants except by culturing



subsequent to harvest.

Components:

1. A 250 ml Tripour beaker with pouring lips removed.

2. The top 1/2 inch of a 100 ml Tripour beaker, lips removed, with
two thicknesses of cheese cloth stretched over the top and
fastened by pressing into the melted plastic.

3. Mineral samples ranging from 0 to 2 g.

4. 10 ml of basal salts

5. Three seeds of the specified lettuce variety.

6. l

A 5 inch square of sterile polypropylene film and a rubber band

to hold it in place on the beaker.

Preparation:

A mineral sample was weighed into the beaker and the gauze support

ring placed on top of it.

The assembly was capped with aluminum foil and

autoclaved separately in a test tube and poured into the beaker at the

time of planting. Surface sterilized seeds were placed on top of the

gauze support and the beaker covered with a square of polypropylene. To

-ensure adequate moisture for germination, beakers were tipped at the time

of planting to allow complete wetting of the cloth support and again the

next day after planting.

Folded Paper Chamber

In this type of vessel the roots of the plants were allowed to grow into

the mineral sample held between layers of a roll of filter paper standing up-

right in a beaker containing basal salts medium.

Components:

1. A 5" x 6" rectangle of Whatman #1 filter paper treated as follows:



a. Fold across the 5" dimension giving a unit 5" x 3".

b. Roll and insert with the fold downward in a clean 100
ml plastic beaker containing 15 ml of double dis-
tilled water.

c. Allow the water to migrate up the paper and evaporate,
then trim off the top 1/4 inch of roll to remove the
collected contaminants.

d. Approximateiy half way between the ends of the trimmed
edge make 4 1/4 inch deep cuts about 1/4 inch apart and
spread apart the cut portions to provide a shelf for sub-
sequent planting of seeds;

2. A 100 ml plastic Tripour beaker with the lips removed.

3. Mineral material in weighed amounts for 0—2g spread evenly

between the folds of the filter paper.

4. 20 ml of basal salts autoclaved separately.

5. 2 surface sterilized seeds of the specified lettuce variety.

6. A quart wide mouth mason jar containing nutrient agar and

capped with sterile polypropylene film.
'Preparation:

The filter paper roll containing the mineral sample was placed in
the 100 ml beaker and the entire assembly autoclaved in a 250 ml beaker
capped with aluminum foil. Two seeds were aseptically planted in the notch
formed by the cut area of the fold. The sterilized basal salts solution
was added to the beaker and the assembly was aseptically transferred to
" the quart jar certification chamber.

Sand Chamber

The plants were grown in contact with the mineral sample mixed with a



quantity of acid washed sand. The sand was suspended above a reservoir

of mineral salts solution. A filter paper wick served to supply moisture

and mineral salts as needed. The assembly was contained within a quart

jar certification chamber.

Components:

1.

A 100 ml plastic beaker with the pouring lips removed and hav-
ing nested at a level with its top:
a. A sleeve prepared by cutting another beaker at the 40 ml
and 90 ml marks.
b. A cup prepared from the remainder of the cut beaker below
the 40 ml mark. A slit is cut in the bottom of the cup
to allow the insertion of a 1 inch wide paper wick.
25 ml of acid washed Ottawa standard testing sand which has been
washed at daily intervals over a period of 2 weeks with a totgl
of 2 liters of concentrated reagent grade HCL per liter of sand
and subsequently rinsed to neutrality with double distilled water.
5 ml of the same sand sterilized in a separate glass tube.
A strip of Whatman #1 filter paper (1 inch x 3 inches) which
extends through the slit in the cup to the bottom of the beaker.
A 4.25 cm circle of Whatman #1 filter paper placed over the
bottom of the cup to retain the wick and prevent loss of sand
through the slit.
20 ml of basal salts added by pouring through the sand prior to
autoclaving.

A weighed sample of the test material in a 13 x 100 mm pyrex



tube capped with aluminum foil and sterilized by heating for
3 hr. at 160 C.
8. 3 surface sterilized seeds of the specified lettuce variety.
9. A quart wide mouth mason jar containing nutrient agar and
capped with polypropylene film.
Preparation:

The growth vessel was assembled with the wick and circle of filter
paper in place and the 25 ml volume of sand added. The basal salts sol-
ution was added to the top of the sand. The assembly was placed in a
250 ml beaker covered with aluminum foil and autoclaved. The dry heat
sterilized mineral sample was spread on'top of the sand and covered.
with 5 ml of separately sterilized sand. Seeds were planted by pushing
below the surface of the sand to the level of the mineral sample. The

assembly was transferred to the wide mouth jar certification chamber.



The following is a periodic progress report summarizing the most
recent results of work done under contfact NAS9-12050.

A numbér of standard procedures have been employed in the course
of this project's work. 1In the present report these various procedures

are presented together in detail for future reference.

Errors to be Avoided in Preparation of Tissue Homogenates.

If tissues are to be analyzed for total nitrogen, the homogenizing
solution should not contain a N-containing buffer such as Tris. Use
either bicarbonate or homogenize un-buffered in very clean water. Phosphate
buffers should be used only if phosphorus and phosphatase are not to be ’
analyzed.

Pipetting of tissues should be done while continuously agitating
the homogenate. Solids tend to collect on sides of containers; there-—
fore, sides should be washed down occasionally during the pipetting
process. When using pre-set pipetts such as the Eppendorf, the orfice of
the removable tip should be enlarged by trimming.

Whenever possible, pipeting of samples should be done immediétely
after the homogenization and not after the tissue has been frozen and
thawed. Pipet a large number of samples of a standard size, 1 or 2 ml
for the most enzyﬁe assays or total protein determinations are easily
thawed.

Sample containers present some problems. The polypropylene plastic
#2006 tube supplied by Falcon Plastics is very useful. It will withstand
cenérifugation up to 10,000 rpm in the cold in the Sorval SS 34 head and.

can be used directly for all extractions described. It can be sealed



tightly with the molded plastic cap. It has the disadvantage that it.is
a good insulator and requires considerably more time and effort for
thawing stored tissue as well as longer to freeze initially. Particularly,
when working with plastic tubes all work should be done in an ice bath
rather than in cracked ice.

Glass containers such as small serum vials are better than larger
tubes because of the problem of encountered with tissue collecting on
élides. Smaller culture tubes are also too small to allow the entrance

of Eppendorf pipette tips.

Preparation of Cultured Tissue Homogenates.

The homogenizing medium has been either glass distilled water or
Tris-maleate buffer pH 6.0 prepared as follows:
Tris-maleate — 24,2 g of Tris + 23.2 maleic acid made to 1 liter --
proportions — 50 ml Tris-maleate + 26 ml of 0.2 N NaOH (8 g/liter)
made to 200 ml, MgSO, 7H20 -- .739 g/liter
Sodium Ascorbate -— 1 mg/ml, i.e., lg/liter
Tissue, 2.500 g + 10 mg is weighed into a Potter-~type glass homogenizing
vessel and 3.5 ml of ice cold homogenizing medium is added. The vessel
is hereafter kept immersed in an ice bath. Homogenization is for 3
minutes at approximately 600 rpm with the teflon pestle. This results in
a very thick homogenate which must stand several minutes before pipetting
to allow bubbles to rise to the top. Homogenateé are frozen over night

before being used for enzyme assays.

Procedure for Extraction of Tissue in Preparation for Lowry Assay of Total Protein.

1. Pipet 0.5 ml of tissue homogenate into duplicate Corex centrifuge tubes,

15 ml round bottom acid cleaned (Alconox messes up Lowry reaction).



Pipet into each tube 5 ml of cold methanol; eject forcibly to
accomplish mixing.

Allow to settle and extract in the cold overnight.

Cehtrifuge 5000 rpm for 5-10 min. and remove the supernatant with a
long tipped pipet (Warburg pipet).

Add 5 ml more of methanol at room temperature. Mix pellet

and centrifuge as before. Repeat this procedure twice more.

Dry off the remaining‘methanol with a stream of clean aif or nitrogen.
Do not dry completely; retain a moist pellet.

Add to the pellet 0.5 ml of 1.0 NaOH. Stir carefully, and allow

to stand overnight; then mix vigorously on a vortex mixer.

Add 4.5 ml of distilled water and stir again on the vortex mixer.
Pipet samples for Lowry assay from the supernatant; generally

about 100 ul will do for the materials we are working with.

Standard Curves.

Routinely all standards were prepared in duplicate at varying

concentrations. The absorbance readings and corresponding known con-

centrations were then substituted in the simple regression formula. This

procedure afforded increased precision over the use of a single set of

standards and eliminated some of the tedium of graphically plotting

and reading a standard curve., The method of calculation is given below in

a cookbook form for the technician:

X

y

Concentration of standard
Absorbance reading for the colorimeter corresponding to that

concentration



Calculate

Z_ x = Total of all x's GZX)Z = This value squared.

= x2 = Square each x and add up all x2's.
X = Average of all x's.
= y2 = Square each y and add up all yz's.

y = Average of all y's.

ey

= xy = multiply each x by its corresponding y and add all to get a total.

n = Total number of values

n=n¥xy - (£x ) (&y)
nEx - Ex)

b=7vy - mx

To find the amount of unknown corresponding to an observed

absorbance reading substitute into the formula x = y-b .
m

Procedure for Total Protein by the Lowry Method.
The procedure given is the one that worked in our hands after
modification to meet the requirements of this project. It is taken from:

Lowry, et al. 1971, J. Biol. Chem. 193:265.

Reagents:

A.. 27 NAZCO3 in 0.1 N NaOH

ﬁ. 0.5% CuSO4 5 HZO in 17 NaK-tartrate. Make to pH 7.2 to eliminate
pfecipitate

C. Mix 50 ml of A and 1 ml of B. This solution should be discarded
after 1 day

D. Stock Folin-Ciocalteau reagent from Fisher Chemicals Dilute 1:1
with distilled water just prior to use. |

" Standard solution: 300 ug Bovine Serum Albumin (BSA) Sigma, in 0.1 N NaOH



Procedure:

1. Pipet into an 18 x 150 mm glass tube a suitable volume of
the extracted NaOH solution of protein from the extraction
procedure given, and make to 1 ml with 0.1 NaOH

2, Add 5 ml of the copper carbonate solution C; mix and allow
to stand for 10 min.

3. After 10 min. add and mix 0.5 ml of the 1:1 diluted Folin-
Ciocalteau reagent from E

4., Allow to stand 30 min. then read absorbance at 750 nm

5. Compare with standards prepared by diluting 0.1 to 0.6 ml
of the BSA standard to 1 ml and reacting as given above

~ for the unknowns

6. Calculate protein (as BSA equivalents) by:

a. Inserting the standard values into the regression formula
given: or
b. Picking a value on the curve. We used the OD for 100 ug

of BSA which is usually .37 to .40 after blank subtraction

OD standard
0D unknown

Calculate as: = x 100 ug BSA x the various

dilution factors

Procedure for Soluble Phenols Using the Folin-Ciocalteau Reagent.

Sqluble phenolics are removed in the methanol extracts of the procedure
given above. They are then estimated by a procedure similar to the one
employéd in total protein determination.

Reagents:

A. Saturated NA CO3. Prepared by disolving 50 g of NA2003/ 100 ml

2
water and heating to 75 C. Cool to room temperature for several
hours; then seed with a few crystals of NajyCO3 10 H90. Filter and

store in a brown bottle

B. Stock Folin-Ciocalteau reagent from Fisher Chemicals. Dilute 1:1



with distilled wafer just prior to use.
Standard solution: Resorcinol prepared to 10 ug/ml
Procedure:

1. Pipet intoc an 18 x 150 mm glass test tubé a suitable
volume (0.1 ml to no more than 0.5 ml) of the methanol extract
and make to 4.5 ml with water.

2. Add 0.25 ml of the phenol reagent B and. mix. Allow to
stand for 2 minutes

3. Add 0.5 ml of saturated Na2C03 reagent A and mix.
Allow to stand for 60 minutes. Read absorbance to 725 mm.

4. Compare to a standard curve prepared by pipetting 0.1 to

1.0 ml of the standard solution of resorcinol, a volume of

methanol equal to the amount used for the unknowns, and
water to make 4.5 ml. Develop color in these along with
the unknowns

5. Calculate total soluble phenols (as rescorcinol equivalents)
by: a) inserting values from the standard curve into the
regression formula given above, or b) picking on absorbance
value near the middle of the range, approximately
OD = .30, and calculating as: 'g%%ﬁﬁigggﬁg ¥ Concentration of

standard x the various dilution factors.

Estimation of Total Phosphorus.

Total phosphorus is estimated by the Fiske-Subbarow colorimetric

procedure after digestion in concentrated HZSO4°

Reagents:

10 N H2804 - add 300 ml of concentrated HZSO4 to a volumetric flask and

make up to 1 liter with distilled water.
B. Hydrogen peroxide-~30%. Test for phosphorus content.

C. Ammonium Molybdate ~ 2.5% in distilled water.



Elon-Bisulfite - 10 g Elon (p-methylaminophenol sulfate) Eastman

P619 and 30 g of sodium bisulfite in 500 ml of distilled water.

The solution used in our work remained stable for several weeks.

The batch of Elon was better than usual.

Standard solution: K HPO, standard - oven dired salt (120 C, 2 hr) -
was weighed to give 1.247 g. This was made to 1 liter with distilled.
water. The solution was then diluted i:lO. A 0.5 ml volume of the
second solution gave 10 ug of phosphorug. By the awway used in

these analyses, this amount yield an average absorbance of 0.28.

Procedure:

1. Pipet triplicate samples (100 ul) into pyrex 15 x 85
mm tubes. At this same time pipet water blanks and 0.5 ml
(10 ug of phosphate) of standard and dijest in parallel with
the unknowns.

2. Add 0.8 ml of 10 N H,S0,

3. Place samples in a cold oven and turn heat to 150 C for 2 hr

4., After water has evaporated, turn over to 200 C. Periodically
remove tubes from the oven and add 30% H,0, to cooled tubes.
Continue alternate heating and H707 addition until the digests
are clear or slightly yellow. Heat at least 30 min. after the
last H,0, addition to ensure removal of all HpOj which |
interferes with the color reaction.

5. Remove tubes from oven, cool and add 2 ml of distilled water,
Heat in a boiling water bath for 20 min. to hydrolyze the
pyrophosphates.

6. Add 2 ml of Ammonium molydate and 1 ml of Elon-bisulfite and



mix by inverting. Cover to invert with a piece of Parafilm.

Add reagents to consecutive tubes at 30 sec. intervals.

Incubate for 15 min at 37 C. Withdraw tubes from the bath at
30 sec intervals in the same order that they were added

Read absorbance at 650 nm

Calculate phosphorus concentration as:

absorbance of standard

absorbance of unkmowns X 10 ug x appropriate dilution factors



Phosphatase Analysis

Introduction:
In this phosphatase assay, p-nitrophenol esters of phosphate are
used as the enzyme substrate, The esters are colorless but the p-~
nitrophenol released by the cleavage ofléhe phosphate is colored
under alkaline conditions and serves as a direct index of phosphorus
release. This results in considerable time savings over assays in
-which the phosphorus is measured. The procedure, based upon that given in the
Sigma 104 bulletin, gives results equal or superior to those obtained by

B~glycerol Phosphate as a substrate.

Materials:
A. Chemicals and Solutions
1. Buffer - use 0.5 ml/assay

a. Acid
10 m1 1 M Acetate buffer pH 5.0
20 ml 1% Triton X-100 v/v
25 ml 1M Sucrose
10 m1 .03M MgSo4
35 ml Distilled water

b. Alkaline
10 ml 1M tris HC1 pH 8.5
20 ml 1% Triton X-100 v/v
25 ml 1M Sucrose
10 ml 0.03M MgSO,
35 ml Distilled water

2. Substrated Solutions - 0.5 ml/assay

a. p-nitrophenyl phosphate (Slgma 104)
100 mg/25 ml water

b. bis-p-nitrophenyl phosphate Na salt (Sigma N-3002)
100 mg/25 ml water

NOTE: Sigma 104 is a phosphatase substrate, whereas,
Sigma N-3002 is a diesterase or cyclic phosphatase
substrate,



3. Substrate Solutions - 0.5 ml)assay
a. 0.01 M p~nitrophenol (Sigma 104 - 8 Spectro-grade) -
store in refrigerator
b. NaOH solution
0.1N - 4g NaOH/liter
0.02N - dilute 0.1N NaOH 1:5 with distilled water
4, Buffers for pH Curves (Table 1)
B. Apparatus
1.-:Eppendorf Pipets

a. {#22-34-280-10 500 ul for dispensing substrates and buffers
b. #22-34-160-0 100 ul for dispensing enzyme prep or homogenate

2, Labindustries Repipets
a. #3001 1 ml capacity for dispensing substrates
and buffers as an alternate to 500 ul Eppendorf
b. #3010A 10 ml capacity for delivering base to kill reaction
and develop color (always wash out after use)
c. #8100l Automatic dilutor with 1 ml aspirator syringe and
10 ml dilutor syringe for diluting samples for reading color

3. Test tubes

a. Corex 15 ml round bottom centrifuge tubes or Falcon #2006
b. Falcon #2006 polypropylene tubes

4. Water Bath - set at 37 C
5. Stopwatch
Methods.
-A. Incubation conditions
1. Temperature: 37 C
2. Time: 20 minutes
3. Replications - duplicate or triplicate tubes + one substrate blank.
(Enzyme blanks are not necessary and substrate blanks will be near
zero provided the tubes are put on ice immediately after
additon of the NaOH).

4, pH: 5.0 and 8.0

5. pH Curves: reactions are carried out in the same manner as
those at pH 5 and pH 8. Buffers are listed in Table 1.



B.

Procedures

1.

6.

Thaw the homogenaté with continous shaking and hold ice.
(This is probably an unnecessary precaution for acid phosphatase

because activity remains high over several days of incubation
at 37 C).

Pipet into tubes on ice 0.5 ml of the buffer and 0.1 ml

of enzyme. (Keep no longer than 15 minutes before addition

of substrate. During pipetting scrape solid materials from the
sides of the tube and stir constantly. See also alternative
procedure)

On a timed schedule add substrate (0.5 ml) to tubes at

10 to 20 second intervals (whatever is convenient).

Tubes are equilibrated at the incubation temperature for 1
minute prior to substrate addition. For example:

Time '
-60 sec——=~-— place tube 1 in water bath
-40 sec————- place tube 2 in water bath
-20 sec————— place tube 3 in water bath

O add substrate to 1 and place tube 4 in water bath
420 sec~——— add substrate to 2 place tube 5 in water bath
+40 sec————- add substrate to 3 and place tube 6 in water bath

+60 sec——=—~ etc.-—-continue in this manner until substrate is
added to all tubes :

After 20 minutes incubation begin adding 5 ml 0.1 N NaOH

to kill reaction and develop the color using the same time
schedule as was used for addition of substrate. Place tubes
on ice as soon as base has been added to prevent high blanks

* Using an automatic dilutor, dilute (usually 1:5 or 1:10)

the reaction mixtures as needed, if necessary, and read color at
410 nnm

Prepare a standard curve from 0.01 M solution of p-nitrophenol
added to 0.02 M NaOH

Preparation of Standard Curve

l.

Dilute 0.5 ml of p-nitrophenol standard solution (0.01M)
to 100 ml in 0.02N NaOH



2.> Add the following amounts to a series of tubes:

Tube ml uM uM/ml Blank Subtracted OD
1 0.5 .025 .0025 .036

2 1 .050 . 0050 .075

3 2 .100 .010 . 163

4 3 .150 - .015 . 254

5 4 .200 . 020 . .343

6 5 .250 .025 442

7 0 .000 . 000 . 000

make all tubes to 10 ml
Alternative Procedure

In .cases such as the running of pH curves where the same
homogenate is used for a large number of tubes, it is often
more convenient to start the reaction by adding the enzyme. In -
this case substrate and buffer are pipetted together, equilibrated
as described, and the homogenate added on a time schedule. The
results from this procedure have not been found to differ signi-
ficantly from the other.

Calculation of Activity

Unknown - Bk

Standard —Bk X (uM nitrophenol/ml of standard) x (dilution factor)

x 6.1 x 10+ 20=>mg N/ml homogenate, or mg protein/ml homogenate,
or mg dry wt/ml homogenate = enzyme units/mg N or protein
or dry weight.

‘dilution factor - generally 1:5 or 1:10

6.1 = total amount of reaction mixture

10 = gives the amount of substrate released/ml of homogenate
20 = converts to a per minute basis



TABLE I
PREPARATION OF BUFFER SOLUTIONS FOR pH CURVE®

pH Buffer Componentsb
(ml)
3.2 Citric Acid (0.1M) Sodium Citrate (0.1M)
43.7 6.3
4.2 31.5 18.5
Acetic Acid (0.2M) Sodium Acetate (0.2M)
4.0 41.0 9.0
4.8 20.0 : 30.0
5.6 " 4.8 ' 45.2
Acid Sodium Maleate (0.2M) - NaOH (0.2M)
6.0 25.0 13.4
6.6 25.0 20.8
Tris-Maleate (0.2M) ' NaOH (0.2M)
6.4 25.0 18.5
7.0 25.0 24.0
7.6 25.0 29.0
8.0 25.0 34.5
Tris (0.2M) HC1 (0.2M)
7.4 25.0 20.7
8.2 25.0 10.9
9.0 25.0 2.5
Glycine (0.2M) NaOH (0.2M)
9.0 25.0 4.4
9.6 25.0 11.2
0.4 25.0 19.3
a
Preparation of buffer components
0.1 M Citric Acid---——————unm 21.01 g/1
0.1 M Sodium Citrate————————- 29.41 g/1 of C6H507Na 2H20
0.2 M Acetic Acid-——————mm—— 11.55 ml/1
0.2M Sodium Acetate-—m—=——m——=-— 16.4 g/1 of anhydrous or 27.2 g/1
trihydrate
0.2M Acid Sodium Maleate————- 8 g NaOH + 23.2 Maleic Ac1d/l
0.2M NaOH--———~—m—m e 8 g/1
0.2M Tris-Maleate—————m—————- 47.4 g/l or 24.2 g Tris + 23.2 g
' Maleic Acid/1
0:2M Tris———————————m———— e 24.2 g/l
0.2M HCl=——mmmm e 17.2 ml concentrated/1 or 86 ml/l
diluted 1:5
0.2M Glycine——m—m—mmm— e 15.01 g/1
b

Prepare buffer solutions of desired pH by adding components in the amount
given, 20 ml 1% Triton X-100, 25 ml 1.0M sucrose, and distilled water to make
a final volume of 100 ml.



Harvesting and Preparation of Plant Tissue for Activation Analysis.

Because of the high sensitivity of activation analysis, considerable
care must be taken in collection and preparation of samples. A
major possible source of confamination is sodium from the fingers. Anofher
"is, in the Easé of the present work, froﬁ the mineral substrate being
tested. A third is from the metal instruments employed in handling the
plant material., Given below are the procedures and precautions empléyed.

Instrumepts. Forceps and scalpels emﬁloyed in harvesting test plants
‘were stainless steel., The scalpel found most practical was a stainless
injector razor blade held in an Exacto handle. Both instruments were wiped
with a clean Kimwipe after each use.

Containers. Weighing pans for drying samples were polystyrene (s/p, dis-
po) 3" x 3" used directly from the package without washing. (These{were
handled only by the rims to prevent sodium contamination of areas contacting
the drying'plgnt material. Storage of samples was in snap cap 2 dram poly-
ethylene vials. These were rinsed in double distilled water and dried

prior to use,

Harvest procedure. Individual fresh weight yields were measured

for each growth vessel. Only a combined qry weight of each treatment

was measured in order to reduce handling aﬁd the possibility of contamination.
Plants harvested from gauze chambers, where there was greater chance of
contamination from the substrate, were in some experiments washed by dipping
in three successive rinses of double distilled &ater. No individual fresh
weights were taken in these cases. With these exceptions the following
outlines the procedure of harvesting all experimeﬁtal plants:

1. Dry weighing pans at 75 C for at least 2 hours prior to weighing



Remove the weighing pan from the drying oven with forceps

and weigh to the nearest milligram within 10 seconds of
removal from the oven. Leave the pan on the balance and begin
harvesting the plants of a given treatment.

Grasp the plant or plants gently with stainless forceps,
lift gently and sever the stem just about the root collar
or above the last point of contact with the substrate.
Remove any leaves that have drooped and contacted the
substrate.

Place the plants on the weighing pan, record the weight and
number of plants and continue as rapidly as possible to
harvest and weigh the other plants in the treatment, re-
cording the cumulative total fresh weight as each new set of
plants is added. Delay results in significant weight loss of
plants already on the pan. Wipe the instruments with a clean
Kimwipe between weighings.

Place the pan and plants in the drying oven and dry overnight
(12-15 hr) to a constant weight. During approximately the
first 2 hr of drying, use clean stainless forceps to bunch
the plant tissue into an elongated compact mass that will fit
inside the 2 dram polyethylene storage vials. Loose dried
tissue is nearly impossible to handle without some loss.

Reweigh the tissue after drying as in 5. Record weights,
remove tissue to storage vials, number and record oven dry
weight along with the treatment and sample number.
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